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NATIONAL PETROLEUM COUNCIL

1625 K Street, N.W., Washington, D.C. 20006 (202) 393-6100
December 17, 1992

The Honorable

James D. Watkins
Secretary of Energy
Washington, D.C. 20585

Dear Mr. Secretary:

On behalf of the members of the National Petroleum Council, I am pleased to transmit to
you herewith the Council’s report entitled The Potential for Natural Gas in the United States.
This report was prepared in response to your request and was unanimously approved by the
membership at their meeting today.

Natural gas has the potential to make a significantly larger contribution both to this
nation's energy supply and its environmental goals. Achieving that potential will take a
commitment of innovation, leadership, and resources by the industry to overcome challenges
that arise from its current operations, its history, and its regulation. The National Petroleum
Council concludes that industry has already initiated actions in support of that commitment and
believes the industry is prepared to continue those activities.

This study finds that natural gas is uniquely positioned to take on this expanded role for
three reasons:

1. Natural gas can be produced and delivered in volumes sufficient to meet expanding
market needs at competitive prices.

2. Natural gas is a clean-burning fuel, and can be used in a variety of applications to satisfy
environmental requirements.

3. Natural gas is a secure, primarily domestic source of energy that can help improve the
national balance of foreign trade.

In addition, much of the groundwork necessary to develop a more competitive and customer-
oriented industry has already been laid.

Perceptions of natural gas that arise from its heavily regulated past represent the greatest
challenge to be overcome by the industry. In particular, the industry must pay more attention to
meeting customer needs through greater efficiency and more competitive services. Efforts like
this study to define the problem and outline its solution, have become critical to realization of
natural gas' potential.

The National Petroleum Council sincerely hopes the enclosed report will be of value to the
Department of Energy, and government at all levels, as natural gas and the natural gas industry
realize their potential.

Respectfully submitted,

& Lt~

Ray L. Hunt
Chairman
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The Demand and Distribution Task Group
is one of four such groups created by the Natu-
ral Gas Committee of the National Petroleumn
Council (NPC) to respond to the Secretary of
Energy’s request for a “‘comprehensive analy-
sis of the potential for natural gas to make a
larger contribution to the nation's energy sup-
ply and the President’s environmental goal”
The task group, composed of approximately 40
persons, included representatives of produc-
ers, interstate pipelines, local distribution com-
panies (LDCs), and the federal government, as
well as such associations as the Gas Research
Institute, the American Gas Association, and
the Edison Electric Institute. In addition, the
electric utility industry was represented.

STUDY METHODOLOGY

The Demand and Distribution Task Group
undertook three major responsibilities:

1. Development of ten regional reports as-
sessing market and economic conditions,
and enumerating both opportunities for an
increase in gas consumption and con-
straints inhibiting such growth. (These re-
gional reports are quoted throughout this
volume, and can be obtained in their en-
tirety from the NPC. (See order form at
the end of this volume.)

2. Identification of the major growth opportu-
nities for nationwide gas demand, the ob-
stacles and constraints which could inhibit
this growth, and the methods by which
those obstacles might be overcome.

3. Development of assumptions and review of
results of the NPC Reference Case scenar-
ios for the period through the year 2010.

These analyses and activities provide the
basis for this report. This Executive Surnmary
extracts key findings, conclusions, and recom-
mendations on natural gas demand. It specifi-
cally addresses the residential and commercial
markets, the industrial market, the electric gen-
eration market, emerging technologies (includ-
ing natural gas vehicles [NGVs]), and their
commercialization, and other issues facing the
gas industry.

GENERAL FINDINGS

Numerous studies confirm that natural gas
is widely perceived as a valuable fuel with nu-
merous applications and advantages. More-
over, natural gas is an environmentally clean al-
ternative to other fossil fuel sources. These
factors can help natural gas to increase its share
of the energy market but will not be sufficient in
themselves to ensure this result. The notion that
gas will sell itself is unrealistic. All segments of
the gas industry will have to work to retain exist-
ing customers as well as address and overcome
obstacles to the addition of new customers.
Among these obstacles are the perceptions of
some, particularly electric generation cus-
tomers, that the gas industry is: unreliable; po-
tentially unable to meet its commitments; unre-
sponsive to its customers’ needs; and lacking
the capability to market its product. Accord-
ingly, the gas industry must demonstrate to end
users that mechanisms exist for markets to
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manage price and supply volatility, and the de-
livered price of gas is and will be economically
competitive. A positive step in this direction has
been the recent formation of the Natural Gas
Council, bringing together key segments of the
gas industry with the avowed goal of increasing
gas demand.

Although certain obstacles to the growth
of natural gas demand have been identified,
these obstacles are manageable. Aggressive
marketing efforts, cooperation, hard work, and
excellent customer service are the keys to suc-
cess. Focus group interviews identified the
need for organizations within the gas industry
to improve their marketing capabilities. Com-
panies are responding to these concerns and
are developing marketing organizations and af-
filiates to identify and serve customer needs.
Traditional sectors of industry, from producers
to pipelines and local distribution companies,
as well as new entrants such as aggregators
and marketers, now have the potential to d=al
directly with the consumer. While competi.on
within the industry is increasing and customers
are benefiting, industry participants have been
thrust into new competitive roles and the ad-
justment is not yet complete.

The adversarial nature of the regulatory
process has detracted from the industry’s abil-
ity to market its product. Industry regulations

continue to evolve, and until stabilized, will
cause a measure of uncertainty in the market.
FERC Orders 380, 436, 500, 528, and the recent
series of 636 orders have dramatically changed
the gas industry.

Conservation and improved energy effi-
ciency are being stimulated by state Demand
Side Management and Integrated Resource
Planning (IRP) requirements, environmental
regulations, and appliance efficiency standards.
While these programs will curtail the rate of
growth in overall energy demand, they will im-
prove the value being provided to the cus-
tomer and will potentially augment the compet-
itive position of gas applications.

The markets for natural gas are highly di-
verse, ranging from individual residential cus- -
tomers whose consumption can be as low as 30
thousand cubic feet (MCF) per year to large in-
dustrial facilities and power generation installa-
tions consuming in excess of 50 billion cubic
feet (BCF) per year. The NPC Reference
Cases provide a numeric framework from
which to discuss the growth potential of the four
traditional consurning sectors. For the two sce-
narios developed for the study, Figures 1 and 2
display the model results for the distribution of
the various energy sources contributing to pri-
mary energy consumption in the markets con-
suming natural gas. Table 1 contains a break-

TABLE 1

LOWER-48 NATURAL GAS CONSUMPTION
(Quadrillion BTU per Year)

End-Use Sectors 1990
Residential 4.5
Commercial 2.7
Industrial 7.0
Electric Utility 2.9
Total End Use 171
+ Lease/Plant Fuel 1.1
+ Transmission Fuel 0.6
+ Exports/Misc. 0.2
Total Consumption 16.0

Note: Totals may not agree due to rounding.

Reference Reference
Case 1 Case 2
2010 2010
49 4.7
3.5 3.1
89 6.1
54 4.9
22,7 18.8
1.3 1.1
0.9 0.7
0.2 0.7
25.0 21.3
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down of the calculated gas consumption by
market sector. In Reference Case 1, gas con-
sumption grows in both absolute and relative
terms, although coal is projected to grow at a
faster rate than gas in the second decade due
to the increasing price of gas relative to coal.
Gas's market share remains essentially con-
stant in Reference Case 2, due to slower de-
mand growth in the industrial sector. Slower in-
dustrial sector demand growth results from
assumptions of more aggressive conservation
measures in Case 2. In both Cases, increased
consumption of natural gas is the major reason
that residual and distillate fuels, which are
largely imported, do not grow. It should be
noted that these cases do not constitute an NPC
forecast of future gas demand.

CONSUMING SECTOR
OPPORTUNITIES

Residential and Commercial

The residential and commercial markets
form the traditional core and backbone of the
natural gas industry. Natural gas is used in 55
percent of single-family dwellings nationwide.
In 1990, the residential customer class con-
sumed approximately 4.5 quadrillion British
thermal units (QBTU) of natural gas, while the
commercial class consumed 2.7 QBTU. Of
these deliveries only 5 percent are estimated to
have been delivered on a less than firm basis.

The capital intensive nature of LDCs cou-
pled with the obligation to serve their core
firm-sales customers explains the price differ-
ential between the spot price of gas and the
delivered firm sales price. Its notable that firm
sales customers are and have been provided
totally reliable gas service at competitive
prices.

Residential

Major forecasts (American Gas Associa-
tion, Energy Information Administration, Gas
Research Institute) project the total number of
residential gas-consuming customers to con-
tinue to increase beyond the year 2010. This
increase will result from the extension of gas
service to new areas, the aggressive marketing
of new technologies, as well as the increasing
market saturation in the traditional residential
applications of space heating, cooking, water

4

heating, and clothes drying. These same fore-
casts and the NPC Reference Cases project
residential consumption to range anywhere
from current levels to almost 5.0 QBTU by 2010.

The per-customer annual consumption is
projected to continue to decline due to im-
proved equipment efficiency and conservation.
This trend may possibly accelerate in response
to economic conditions and/or regulatory ini-
tiatives. On the other hand, the potential exists
to partially offset this decline through the ag-
gressive marketing of supplemental gas appli-
ances to existing and new customers. Ad-
vances in electric heat pump technology and
its promotion will test the gas industry’s mar-
keting abilities in its core space-heating mar-
ket, particularly among new residential con-
struction, and highlights the need for the
commercialization of advanced technologies,
such as the gas heat pump, in order to remain
competitive.

Change in residential gas consumption is
primarily driven by: (1) effect of energy effi-
ciency; (2) residential rate design and delivered
prices; (3) the level of new home construction; (4)
competition; (5) new technologies; (6) possible
fuel substitution in equipment replacement mar-
kets; and (7) the success of marketing activities.

Commercial

The commercial segment in 1990 con-
sumed approximately 2.7 QBTU of natural gas,
and traditional commercial consumption is pro-
jected to grow slightly above the current level
through the year 2010. Commercial demand
for natural gas is primarily driven by: (1) com-
mercial floor space; (2) conservation trends
and IRP; (3) technologies; (4) competition; and
(5) the delivered price of natural gas.

Retention of current business is critical to
future demand levels in the commercial sector.
Growth opportunities lie in packaged cogener-
ation and in advanced gas cooling technology.
The industry faces a major challenge in pene-
trating the high-rise office/apartment market.

Competition from the electric industry;,
conservation, federally mandated efficiency
improvements, and IRP programs will limit en-
ergy growth in the commercial sector. The gas
industry, particularly LDCs, will have to work
very diligently to maintain their share of the
commercial market.



The following recommendations are made
with respect to the residential and commercial
sectors:

* The industry as a whole needs to focus its
marketing efforts not only on traditional
applications, such as space heating and
water heating, but also on new applica-
tions, such as commercial gas cooling and
packaged cogeneration systems. The in-
dustry should also work aggressively to
expand the use of natural gas for trans-
portation, e.g., commercial fleets and at-
home refueling facilities for natural gas ve-
hicles.

* The industry must lower the overall cost of
natural gas to the customer by improving
the cost-effectiveness of providing gas
services, as well as encourage the devel-
opment and use of efficient technologies,
conservation measures, and fuel substitu-
tion programs within the context of IRP
proceedings.

* The industry must increase its levels of
technical expertise in the marketing and
servicing of its products.

* LDCs must develop appropriate line ex-
tension programs to penetrate profitable
conversion markets and compete more
aggressively in the new construction mar-
ket. Marketing programs, such as equip-
ment financing, also need to be explored.
Regulators should encourage and support
reasonably structured line extension and
marketing programs.

Industrial

The industrial market represents a signifi-
cant opportunity for gain or loss by the gas in-
dustry. The NPC Reference Cases show a po-
tential consumption of between 6.1 and 8.9
QBTU by the year 2010. For 1990, the Energy
Information Administration reported industrial
energy consumption of 29.8 QBTU of which
natural gas represented 7.0 QBTU or 23.5 per-
cent. Since 1960, industrial energy consump-
tion has grown from approximately 20 QBTU to
the 1990 level of 29.8 QBTU, or approximately
1.3 percent compounded annually.

Industrial gas demand is primarily driven
by: (1) the degree to which the US. economy
converts from energy intensive manufacturing

industries to service industries; (2) changes in
the energy intensity of these industries; (3)
general economic growth; (4) conserva-
tion/efficiency trends; (5) impact of new tech-
nologies; (6) relative delivered fuel prices; (7)
the success of the gas industry’s marketing ef-
forts; and (8) regulatory constraints.

The industrial market sector has under-
gone a major restructuring during the last
decade as a world market has emerged where
quality and productivity have become domi-
nant considerations in business decision mak-
ing along with the continuing need to control
costs and improve operational efficiency. Al-
though manufacturers are still heavily moti-
vated by return on investment in making capital
decisions related to energy process choices,
the increasing need to meet world class quality
standards and address environmental concems
will make the energy decision making process
more complex in the future. Industry will adopt
energy efficient, productive, and cost-effective
manufacturing processes that will enable them
to compete effectively in a world market where
product quality and customer satisfaction will
determine success. To the extent natural gas
and related equipment meet these criteria, fu-
ture growth in demand should be achieved.

Today'’s industrial energy marketplace is
the most competitive sector served by the gas
industry. Decision makers in the industrial
segment are sophisticated energy and process
equipment buyers having a wide range of al-
ternatives from which to select. At the indus-
trial end-user level, the gas industry faces in-
creasing competition for the industrial process
market where gas has been traditionally the
preferred option. Electric technologies, cham-
pioned by the electric industry, threaten to dis-
place natural gas. Supporting the adoption
and use of high efficiency gas equipment is
the approach that the gas industry needs to
take to counter this threat.

While competition by other energy
sources is formidable, opportunities exist to
expand the consumnption of natural gas in the
industrial market sector. The Clean Air Act
Amendments of 1990 provides an opportunity
for the industrial sector to take advantage of al-
lowance trading. Emission control, waste recy-
cling and remediation, as well as conversion of
coal boilers to natural gas or co-firing are in-
stances where industrial facilities may create
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valuable emission allowances for trading. The
value and incentive to encourage the creation
of credits will vary by industry and region but
may provide an incentive for gas penetration
into markets where gas is less than fully uti-
lized.

Significant opportunities are also pre-
sented by the potential for gas-fired cogenera-
tion systems to meet electric generation re-
quirements, while providing steam process
heat as part of an overall efficient system. Se-
curing “'steam hosts” will aid in developing this
opportunity.

Other niche market opportunities within
the industrial sector that can be realized by
substituting natural gas processes for electric
energy requirements are: (1) gas engine drive
for air compressors and process chilling; (2)
gas rapid heating technology for preheating
parts prior to induction heating; (3) new tech-
nologies such as the gas vacuum furnace to
compete head to head against electric units in
areas where they hold large market shares; and
(4) displacing coke in existing steel blast fur-
naces.

The opportunities and risks for the gas in-
dustry are more apparent in the industrial mar-
ket than in the other major sectors. The combi-
nation of gas industry marketing ability
interlinked with new end-user technology is
the key to maintaining the gas option in the in-
dustrial market.

In the industrial market, it is recom-
mended that the gas industry:

* Aggressively pursue opportunities to con-
vert industrial facilities to natural gas by
demonstrating the capability of gas pro-

cesses to provide environmental, operat- -

ing, quality, and productivity benefits in
comparison to the customer’s existing
coal, electric, or fuel oil.

* Provide added value to the customer by
providing information on the most efficient
use of the product, through education on
newly emerging gas technologies, and by
assistance in obtaining necessary govern-
mental permits.

* Leverage its resources by encouraging in-
creasing participation in gas industry ini-
tiatives, such as the Industrial Gas Tech-
nology Commercialization Center.

Electric Generation

The potential for increased consumption
of natural gas for electric generation is attract-
ing considerable attention in the natural gas
and electric industries, and among government
officials, including regulators. Several factors
contribute to this attention:

* Electric usage accounts for a large and
growing share of the U.S. energy demand.

* Natural gas has important environmental
advantages over competing fuels in the
electric generation market.

* Advanced gas-fired generating units, par-
ticularly combined-cycle units, have high
efficiency, low capital and non-fuel operat-
ing costs, and can be constructed more
quickly and in relatively small economi-
cally sized units.

Over the past 20 years, natural gas's share
of the electric power generation market shrank
from 21.5 percent to 9.4 percent. This decline
was largely due to:

* High gas prices in the late 1970s and
early 1980s, and a belief in the 1970s that
the nation was running out of natural gas,
which prompted the passage of the Power
Plant and Industrial Fuel Use Act. That
Act, now largely repealed, restricted the
use of natural gas.

* The construction and completion of large,
baseload coal and nuclear units in the late
1970s and early 1980s. Coal'’s share of the
generation market increased from 44.1
percent to 54.9 percent over the last 20
years and nuclear rose from 3.1 percent to
21.7 percent.

The potential for natural gas to have an in-
creased role in the electric generation sector
varies widely among sites (due, for instance, to
the distance from a pipeline), applications, and
companies. Positive influences toward increas-
ing the demand for natural gas in the electric
generation market include: Clean Air Act
Amendments; substantial repeal of the Power
Plant and Industrial Fuel Use Act; competitive
gas prices; growing public opposition to coal-
fired generation; environmental externalities fa-
voring gas over alternative fuels; declining ex-
pectations for nuclear generation; concern
over dependence upon imported oil; growing
confidence in the adequacy of long-term gas



supplies; and regulatory modifications to in-
crease competition among companies in the
gas industry.

NPC Reference Cases 1 and 2 suggest an-
nual gas consumption for electric generation
could increase to between 5.4 TCF and 4.9
TCE, respectively, by the year 2010. These in-
creases are predicated on the assumption that
the natural gas industry will be allowed to com-
pete for the electric utility market on an equal
basis with other generation options. A further
key assumption behind any projection of gas
penetration in the electric market is the annual
electricity demand growth rate. If slower than
assumed economic growth persists or electric
demand side management activities acceler-
ate, then the annual growth rate for electricity
demand will likely- fall below the 1.3 percent as-
sumed in Reference Case 2, and increases in
the demand for natural gas may consequently
not materialize. Conversely, a more vigorous
economic growth assumption can increase de-
mand for electricity, and thus enhance the role
of gas.

Opportunities for increasing the use of
natural gas in electric generation include:

* Restarting existing gas-fired units or using
gas-fired generating units at higher load
factors

* Adding gas-burning capabilities in exist-
ing coal- and oil-fired units to gain fuel
flexibility and/or meet environmental re-
quirements

* Repowering existing generating facilities
currently using oil or coal

* New gas-fired baseload, intermediate, or
peaking units, built by traditional utilities
or Independent Power Producers

* Commercial and industrial cogeneration
and self-generation

* Repowering uncompleted or retired nu-
clear generating units.

Although significant opportunities exist for
increasing the use of natural gas for electric
generation, important challenges remain, in-
cluding:

¢ Stiff competition from other energy
sources, with wide variation among sites,
applications, companies, distances from
pipelines, and regions

* The need to understand factors affecting
electric generators’ fuel choices and to
understand and respond to electric gener-
ators' concerns, needs, perceptions and
expectations; in particular:

— The need to satisfy potential customers
that the delivered cost of natural gas, in-
cluding the cost of gas transportation,
will continue to be competitive with
other energy sources and with potential
demand-side measures

— The need to satisfy potential natural gas
customers that supplies will be avail-
able when needed and in the volumes
and at the pressures required to meet
variability in electric generation.

To deal with these challenges, it is recom-
mended that the gas industry:

* Enhance its capability to analyze potential
electric generation markets and take ap-
propriate action to ensure that the people
responsible for marketing gas supply,
transportation, storage, or other services
to electric generation customers under-
stand clearly the factors affecting fuel
choices, the economics of alternatives
available to the customer and the cus-
tomer's decision-making process.

* Recognize and address the perceptions
and concerns of potential electric genera-
tion customers, particularly with respect to
ensuring reliability of future gas supplies,
dependable delivery of the supplies to cus-
tomer’s premises, and competitiveness of
delivered gas prices with other alternatives.

* Work with individual electric generation
customers to shape the terms and condi-
tions of gas supply, transportation, and
storage contracts to meet the particular
needs of the customer.

* Increase its communications with the elec-
tric generation industry at all levels and
find ways to work more cooperatively for
the benefit of gas and electric customers.

Natural Gas Vehicles

There are an estimated thirty million fleet
vehicles in the United States and over one-third
of these are located in ozone non-attainment
areas as defined by the Clean Air Act
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Amendments. U.S. fleet vehicles consume an
equivalent of 2 TCF per year of liquid fuels. An
increase in the number of dedicated natural
gas vehicles (NGVs) will be necessary for gas
to reach its full potential in the fleet market.

Natural gas is an environmentally and eco-
nomically appealing fuel for urban fleet usage.
Natural gas is the cleanest alternative fuel for
internal combustion engines (vs., e.g.,
methanol, alcohol, and blends), generating 99
percent less carbon monoxide than gasoline.

In order for NGVs to penetrate the private
vehicle market, several obstacles will have to
be overcome. The American consumer will
demand the same dependability, convenience,
and flexibility as that afforded by gasoline pow-
ered vehicles. The fact that most natural gas
vehicles currently in use are limited to a range
of 100 to 200 miles suggests the advisability of
increasing the number of accessible refueling
facilities and/or increasing the range of the ve-
hicles. The infrastructure to support NGVs is
lacking. Currently, there are 530 private refuel-
ing stations located in the continental 48 states
and less than 200 of these offer compressed
natural gas (CNG) to the general public. This
situation stems from the old “chicken and egg”
problem, i.e., which comes first, the vehicles or
the infrastructure? The industry needs to work
with vehicle manufacturers and CNG suppliers
to expand the infrastructure and the vehicle
penetration.

Natural gas vehicles are currently ex-
empted from road-use taxes. The industry
needs to work with state governments to
maintain equitable road-use tax treatment for
all alternative-fueled vehicles.

For the purposes of the Reference Cases
for this study, a modest penetration by the year
2010 was assumed. This results in a consump-
tion rate of 140 BCFE. A high penetration sensi-
tivity case was run that projected fleet con-
sumption to grow to 540 BCF in the year 2010
and the private passenger car market to grow
to 100 BCF per year.

In the area of NGVs, it is recommended
that the gas industry:

* Work together with the auto manufacturers
to ensure that future NGVs provide the
same dependability, convenience, flexibil-
ity, and range as gasoline vehicles.

* Provide adequate and accessible refuel-
ing facilities to the public where economi-
cally feasible.

* Become a leader in the use of NGVs in or-
der to demonstrate the advantages of nat-
ural gas as a transportation fuel.

TECHNOLOGY

Effective natural gas research, develop-
ment, and demonstration (RD&D) and commer-
cialization are crucial to increasing the impact
of new technologies. This study has concluded
that the current collective natural gas RD&D ac-
tivities are inadequate and commercialization is
the weakest element. In order to improve its
ability to commercialize new technologies, the
gas industry needs to: (1) recognize the role of
RD&D and provide adequate support; (2) be-
come more market driven; (3) identify and sat-
isfy the needs of the customers; and (4) con-
vince regulatory agencies to support natural
gas RD&D.

The technologies related to natural gas
distribution and end use continue to evolve.
However, efforts already underway are not suf-
ficient for natural gas to reach its full potential in
the nation's energy mix. Current research and
development programs are inadequate. Even
more serious is the history of feeble efforts at
commercialization of successful RD&D results.
Finally, there is simply insufficient funding of
gas RD&D for major progress to be made in
the frontier technologies. The major new mar-
kets for natural gas being explored are NGVs,
commercial cooling, residential heat pumps,
improved power generation, fuel cells, and se-
lected commercial and industrial applications.
Each of these applications may offer environ-
mental benefits and generally tend to increase
overall gas load factors. However, the high
costs of developing, evaluating, and demon-
strating these technologies are not met by cur-
rent funding levels.

As discussed in Chapter Seven, 1992 in-
vestment in natural gas technologies is esti-
mated to total $750 million. Of this amount,
approximately $320 million (excluding De-
partment of Defense expenditures) is dedi-
cated to end-use and distribution technolo-
gies (with 92 percent of the total allocated to
end uses). The sources of the funds are: dis-
tribution companies (14 percent), equipment



manufacturers (31 percent), Gas Research In-
stitute (30 percent), Department of Energy (25
percent), and other (1 percent). RD&D efforts
need to be significantly increased through ad-
ditional funding.

In the area of technology, it is recom-
mended that the gas industry:

* Pursue federal government funding for a
sustainable natural gas research, develop-
ment, and demonstration program at a
level of about $250 million per year to
achieve the technology advancement nec-
essary to allow natural gas to expend its
contribution to the national energy mix.
This level of funding is consistent with the
supporting documentation of the recent
National Energy Strategy and several re-
cent studies, including those by the Wash-
ington Policy Analysis Group and the
American Gas Association.

* Utilize natural gas for its own facilities,
wherever economical, in order to demon-
strate the benefits of natural gas to poten-
tial customers.

* Win regulatory support in the form of re-
covery through LDC rates for reasonable
RD&D and commercialization expenses.

OVERALL DEMAND AND DISTRI-
BUTION RECOMMENDATIONS

An increased contribution of natural gas to
the nation's energy supply can be accom-
plished by focusing efforts on the industrial,
electric generation, and frontier technology
markets, while at the same time improving ser-

vices to the traditional core market, the resi-
dential and commercial customer classes.

In order to accomplish this, it is recom-
mended that the gas industry:

* Identify individual customer needs, deter-
mine opportunities and risks, and develop
the products and services to meet the
customer’s needs and maximize the
provider's opportunities.

* Convince regulators to eliminate cross-
subsidies between customer classes,
where it exists, so that each customer
class pays the appropriate cost of service.

* Promote the use of efficient gas technol-
ogy by all of its customers to lower overall
energy bills and thus make gas more
competitive.

* Select people with appropriate marketing
skills and background who are well
equipped to fashion strategies to meet the
needs of particular customers.

* Improve the marketing capability of its
people within each sector by providing
additional technical and sales training.

* Move from a regulatory-oriented ap-
proach to a customer-oriented vision by
focusing on excellent service to all cus-
tomers.

* Convince regulators to allow LDCs to re-
cover through rates those prudently in-
curred marketing expenses that lead to
additional throughput.

* Find a way for the various segments of the
industry to speak with one voice on issues
of common interest.




BACKGROUND.,

HISTORICAL OVERVIEW

Natural gas has been consumed as a fuel
in this country since 1816, when gas manufac-
tured from coal was used to illuminate the
streets of Baltimore, Maryland. Consumers of
gas in the 1800s burned gas produced or man-
ufactured locally, as the technology to transport
gas long distances did not yet exist. A national
market, supplied by interstate pipeline transmis-
sion systems, began to evolve in the 1920s with
the development of seamless welded pipe. This
technology provided industrial and residential
markets access to huge remote supplies of nat-
ural gas, and the location of the supply relative
to the end-use market decreased in importance.
The production and consumption of manufac-
tured gas steadily declined in light of the avail-
ability of the less expensive “natural” gas alter-
native. The gas market continued to evolve and
grow over the next 50 years, in spite of major
wars, economic recessions, and regulatory en-
actments. From a national consumption level of
2 TCF in 1930, annual gas consumption grew to
a peak of 22 TCF in 1972, before artificially in-
duced retrenchment—first in supply, then in de-
mand—caused consumption to recede. The fu-
ture demand for natural gas has grown brighter
since the virtual deregulation of production oc-
curred following the 1978 passage of the Natural
Gas Policy Act (NGPA) and the opening of the
nation's transmission systems.

Natural Gas Act of 1938

As already noted, the invention of seam-
less welded pipe made the long distance trans-

mission of natural gas possible and provided
interstate markets for the large gas discoveries
of the 1920s and 1930s. To cover the “regula-
tory gap” thus created upstream from the state
regulated local distribution companies,
Congress passed the Natural Gas Act in 1938.

Phillips Decision

The Federal Power Commission (FPC,
forerunner of the Federal Energy Regulatory
Commission) did not regulate the price of gas
at the wellhead in the years immediately follow-
ing the passage of the Natural Gas Act. The
Supreme Court ruled, however, in its 1954
Phillips! decision that the Natural Gas Act re-
quired regulation of the price of natural gas at
the wellhead.

The FPC developed various schemes to
regulate the wellhead price of gas, as the bur-
den of regulating each individual gas contract
on a cost-of-service basis was administratively
overwhelming. The regulators erred on the
side of low gas prices, and, by the late 1960s,
the price of new production sold into the price-
unregulated intrastate market began to rise
above the price of newly contracted interstate
gas. The effect of artificially low interstate gas
prices stimulated demand, yet discouraged
natural gas exploration activities.. By the early
1970s, spot shortages of gas began to appear
and industrial users became subject to fre-
quent interruption. During the harsh winter of

1 Phillips Petroleum Co. v. Wisconsin, 347 U.S. 672
(1954).
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1976-71, the artificially induced shortage had
become severe, and gas deliveries throughout
the Northeast, Midwest, and Mid-Atlantic states
were, to varying degrees, curtailed.

Natural Gas Policy Act of 1978

The emergency of the winter of 1976-
1977 produced an overall general consensus
that legislative action was necessary to rem-
edy natural gas shortages. With that consen-
sus, and against a backdrop of competing in-
terests, Congress produced an incredibly
complex series of compromises that became
the 1978 NGPA.

The objective of the NGPA and its com-
panion legislation, the Power Plant and Indus-
trial Fuel Use Act, was to raise gas prices in or-
der to encourage gas production while
restricting its consumption by non-core market
segments. Complete and immediate decontrol
of wellhead prices was not achievable due to
consuming states’ concerns about the impact
of a rapid price rise on their citizens. What
passed was a “phased decontrol” of a complex
array of different categories of gas.

The higher prices for new gas after the
passage of the NGPA did encourage the search
for and production of new gas reserves. Inter-
state pipelines and local distribution compa-
nies (LDCs), inspired by a dread of continued
shortages, hastened to contract for this supply
regardless of cost. The higher gas prices,
however, discouraged demand. The net effect
of the reserve additions arising from the new
drilling, the demand erosion from conservation
due to higher prices, the restrictions on end-
use gas consumption, and an economic reces-
sion, was that by the early 1980s the gas supply
shortage had become a gas supply surplus.
The prices being paid for gas by pipelines
(and LDCs) under long-term contracts began
to exceed the market clearing price of gas. In-
dustrial customers who could switch to alter-
nate fuels did so, thus further depressing gas
demand. Proposals to allow access to spot
market gas to serve industrial users that would
otherwise switch to alternate fuels were pro-
posed by the pipelines and approved by the
Federal Energy Regulatory Commission
(FERC) as “special marketing programs.”

In a 1985 case before the D.C. Court of
Appeals, Maryland People’s Counsel v. FERC, it
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was found that such preferential access to spot
market gas was discriminatory, and the FERC
was directed to respond by providing non-
discriminatory access. The FERC responded
with Order 436. This order, issued in October
of 19885, required that pipelines provide non-
discriminatory access to transportation sys-
tems and services. As pipelines began to
transport spot gas for resale customers under
this order, they displaced their own sales gas,
and their “take-or-pay” liabilities to
producers,2 already large, mushroomed.

FERC Orders 500 and 528

FERC Order 500 allowed pipelines to “di-
rect bill"” a portion of their take-or-pay costs to
LDC customers on the basis of past purchase
levels from the affected pipelines. Litigation
between the D.C. Court of Appeals and the
FERC, in which the Court, after having first in-
validated the *direct bill” provision of Order
500 due to the retroactive nature of the direct
bill, agreed to the substitute allocation method
promulgated by the FERC in Order 528. :

FERC Orders 636, 636A, and 636B

FERC Orders 636, 636A, and 636B virtu-
ally eliminate the pipeline merchant functions.
This transfer of gas purchasing responsibilities
suggests that the LDCs must enhance their gas
supply market intelligence, contracting and
contract administration skills, planning capabili-
ties, and monitoring abilities. They must also
adopt a least cost portfolio approach to gas
purchasing to minimize risks and maximize
value to their customers.

State regulators have now inherited the
regulatory oversight responsibility for gas sup-
ply from the FERC. This task will require the
regulators and LDCs to work together to evalu-
ate risks, price trends, and security of supply
and avoid pitfalls of hindsight regulation. Pur-
chase gas adjustment rules may have to be de-

2 Take-or-Pay contracts required pipelines to pur-
chase a minimum percentage of a well's deliverability
and to pay for the gas regardless of whether or not it took
the gas (subject to certain opportunities to take the gas
later). Pipelines entered contracts with these provisions
during the shortages when they could not bargain with
producers on price because of the maximum lawful price
caps. These take-or-pay obligations had been largely
offset by minimum commeadity bills to the pipelines' cus-
tomers.



veloped that encourage creativity in supply
portfolio development and open communica-
tion to maximize benefits for all concerned.

Conclusion

This history of market intervention is at the
root of many of the marketing problems faced
today by natural gas. Public [mis]perceptions
of gas as a scarce and costly fuel, prone to de-
liverability problems and subject to regulatory
snarl-ups, will be difficult but not impossible to

overcome. This NPC study sets the stage for

the gas industry, its regulators, and government
to change the way of doing business and to
create an environment where natural gas may
flourish.

Figures 1-1 through 1-3 provide a histori-
cal perspective of the demand for natural gas.
Figure 1-1 shows the historical breakdown of
gas demand by market sector, while Figure 1-2
displays the total natural gas consumption over
the same time period. Figure 1-3 illustrates the
historical regional composition of end-use nat-
ural gas consumption.

BACKGROUND AND
FUNDAMENTALS

In the gas industry, the “distribution sys-
tem" is defined as that portion of the gas deliv-

ery pipeline network that is owned, operated,
and maintained by LDCs.

Several important physical features of the
upstream gas supply and delivery system may
be helpful to understand before outlining the
principal issues related to distribution systems.

Natural gas is produced from wells that
are operated by “producers.” A significant but
declining portion of natural gas is produced
from wells that also produce crude oil (called
associated gas). In the early years of oil pro-
duction, associated gas was often vented since
it had no commercial value. Venting ended as
soon as gas end uses and the pipeline infra-
structure developed. In other cases, gas was
and still is re-injected to maintain pressure and
enhance oil production. Natural gas from a
group of wells is pooled through a *“gathering
system” and “processed” before being deliv-
ered to the pipeline system (the “pipegate”).
Processing includes: (a) removal and disposal
of undesirable gases such as carbon dioxide,
(b) separation for resale of hydrogen gas and
natural gas liquids with commercial value, and
(c) separation of undesirable “liquids” from the
gas such as water.

This “dry gas” is then compressed at
pressures ranging from 300 to 800 pounds per
square inch and above, and delivered by
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pipeline companies to the demand centers
(LDCs or direct sale customers). The actual gas
molecules travel approximately 15 miles/hour in
pipeline mains which usually range from 24" to
42" in diameter. Compressors usually use a por-
tion of the gas to compress and transport the gas
to its final destination (shrinkage). The physical
point at which the gas is metered and an LDC
normally takes legal possession of the gas from
the pipeline company into its distribution system
is called the *‘citygate”” When pipeline compa-
nies finally deliver the gas to the citygate, the gas
pressures are reduced somewhat (usually below
300 pounds per square inch) and the odorless
natural gas is odorized before delivery into the
distributor system “mains!” Smaller service lines
extending from gas mains deliver lower pressure
gas to end-use customers. The service line
pressures are usually very low for
residential/commercial customers and higher for
large volume industrial customers and electric
generation steam units.

SERVICES PROVIDED BY LDCS

LDCs broadly categorize their sales and
transportation service customers into two
classes: “firm” and “interruptible”” 1.DCs pro-
vide at least three types of services: sales
(firm and interruptible), end-user transporta-
tion (firm and interruptible), and “balancing:’
A balancing service is usually associated with
end-user transportation where the customer of
the LDC is responsible for delivering gasto the
citygate. In situations where the customer con-
sumes gas in an amount unequal to that deliv-
ered into the distribution system on behalf of
his account, a “balancing” service is required
from the LDC to reconcile the difference.

Typically, firm sales customers (also
known as the core market) comprise the group
of customers for which no short-term alterna-
tive to gas service exists. These customers are
dependent on the LDC to provide uninter-
rupted service, even under the most extreme
of weather conditions. Due to the health and
welfare aspects of core service, and due to the
impact changes in rates or services can have
on core customers, state Public Service Com-
mission (PSCs) are particularly responsive to
the needs of core customers.

The definition of “firm service” is evolving
among some LDCs and PSCs in response to the

changing conditions of the U.S. gas market.
Firm service now includes services of durations
less than 365 days per year. For example,
some contracts are currently being written by
gas utilities that guarantee 335 days of firm ser-
vice to an electric utility or non-utility generator,
while retaining rights to the capacity as needed
to serve peak day needs of firm core customers
for up to 30 days annually. Specification of the
duration of firm service provides the needed
assurance required by non-utility generators
and other electric generators in order to take
advantage of seasonal price variations. Such
arrangements may become more common if
seasonal pricing is permitted and encouraged.

Interruptible gas customers (“the non-
core market”) are those customers who are
usually much more price sensitive and who re-
ceive a lower quality service in exchange for
lower prices. The lower quality service is usu-
ally based on either: (a) a firm commitment for
service when capacity is available, or (b) anin-
terruption of service at or below some pre-
scribed temperature which is set prior to the
beginning of the winter season. The design
concept behind interruptible service is that
service to interruptible customers: (1) allows
the LDC to “levelize” its throughput at a higher
load factor, (2) provides some revenues that
otherwise would not be realized, and (3) does
not create a need for new peak day and peak
season deliverability. It should be noted that in-
terruptions based on the quality of service
elected by the customer must be distinguished
from “curtailments,” which are unplanned inter-
ruptions of service inconsistent with the kind of
service selected.

A majority of large LDCs have unbundled
gas sales service and now offer a range of ser-
vices such as gas transportation (firm and in-
terruptible), contract storage, balancing, etc.
These services allow end users, particularly
large volume end users, to contract for only
those services required to meet their needs.
Service offerings at the LDC level will continue
to evolve to meet customer needs and compet-
itive pressures.

DESIGN OF DISTRIBUTION
SYSTEMS

The sizing of LDC pipeline capacity is de-
termined by the requirement that an LDC must
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satisfy all firrm gas requirements on demand. In
sizing LDCs’ new and replacement mains and
services, LDCs and their regulators have gen-
erally understood that system mains and ser-
vices should be somewhat oversized to ensure
reliability of service and allow for some fore-
seeable expansion. Some over-capacity is usu-
ally the rule rather than the exception. The ex-
tent of permitted over-capacity depends on the
particular regulators and region of the country.
The relative mix and magnitude of firm de-
mand versus interruptible demand varies by
region; such customer mix differences will also
have an important bearing on whether the
over-capacity with respect to firm requirements
will suffice to cover interruptible load as well
For example, many utilities in New York and
Michigan can provide year-round distribution
service to all existing firm and interruptible
customers as long as the gas can be delivered
to the city gate. Some LDCs are not currently
in a position to provide additional peak service
beyond existing firm service.

Generally, distribution companies are re-
quired to build and maintain distribution sys-
tem capacity (and plan and contract for ade-
quate firm supplies and pipeline transportation
capacity) sufficient to meet firm customer,
peak day and peak season gas demand under
severe, design weather conditions. In New
York state, for example, the design criteria re-
quire that LDCs be able to satisfy all firm de-
mand at temperatures last experienced during
the winter of 1933-34—the coldest winter sea-
son this century in New York. Design weather
supply planning criteria vary from state to state
and from LDC to LDC.

DISTRIBUTION SYSTEM ISSUES

The principal issues related to distribution
systems are discussed below.

Adequacy of Distribution Capacity

LDC distribution system capacity is cur-
rently designed to meet firm customer loads
without exception under design weather condi-
tions. The definition of design weather condi-
tions varies by state as does the mix of cus-
tomers served by gas within each state.
Consequently, distribution system capacity is
adequate to meet firm core loads, but may or
may not be adequate to meet all interruptible
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gas customer load under design weather con-
ditions.

Construction expenditures in the delivery
infrastructure in the $6-10 billion range per
year will be needed to accommodate the
growing gas customers and demand antici-
pated in this report. Such expenditures are oc-
curring today (over $9 billion in 1991 and over
$10 billion projected for 1992) and will con-
tinue to occur to the extent necessary to ensure
that the adequacy of the storage and delivery
infrastructure will not be a constraint in the fu-
ture. The recent history of the gas industry has
demonstrated an ability of the industry to com-
mit the capital necessary to expand the distri-
bution and storage system to satisfy rapidly
growing demand.

Physical Condition of the
Distribution Systems

Distribution systems are in a state of con-
stant maintenance and upgrade to ensure sys-
tem reliability. However, differences among
state PSCs and differences in the urgency for
repairs in the distribution systems account for
differences in allowed expenditures. No evi-
dence was found of any national distribution
system problems. However, the permitting and
construction of new or replacement facilities is
becoming more difficult and expensive as a
consequence of various growth management,
building code, and environmental require-
ments.

Cost Reductions and Efficiencies

In addition to providing natural gas pro-
curement and transportation services for cus-
tomers, LDCs are responsible for metering,
billing, customer service, and energy-efficiency
programs. The continuing challenge for LDCs
is to seek opportunities to streamline processes
or procedures, reduce costs, improve operating
efficiencies, and expand needed service offer-
ings. The benefit of these efforts will be in-
creased customer satisfaction and more com-
petitive natural gas services.

Incentive Rate Concepts

Cost-of-service regulation directly ties the
rates or prices that can be charged for a ser-
vice to the allowed costs of providing that ser-
vice. As such it is intended to encourage the



affected LDC to invest the money necessary to
provide the highest quality service to the cus-
tomer. Allowed costs include operating and
maintenance costs, general and administrative
costs, depreciation, interest, taxes, and return
on capital

Incentive rate structures are designed to
counteract many of the deficiencies inherent in
cost-of-service regulation. In so doing, how-
ever, they may create new problems of their
own. Among the incentive rate mechanisms
widely discussed are the following:

» Price Caps: Rates are initially determined
based on cost of service, but periodically
changed by a predetermined index.

» Zone of Reasonableness: A range of re-
turns is established within which the com-
pany is encouraged to operate.

* Bounded Rates: Bounded rates establish
an upper bound based on the marginal or
replacement cost of the service and a

lower bound based on some appropriate
criteria. Since the company is free to
charge any price within these boundaries,
productive efficiency is achieved while si-
multaneously achieving allocative effi-
ciency.

* Efficiency Gains: This is a sharing mech-
anism that, in general, focuses on parame-
ters that are easily measurable, e.g., oper-
ating costs or throughput. The benefits or
costs of any measurable change in these
parameters are shared among the cus-
tomer and the company on a predeter-
mined basis.

 Incentive Rates of Return: The regulated
company is awarded an incentive return,
e.g., a one-quarter percent higher return
on equity, for achieving a specific perfor-
mance level '

Incentive regulation is discussed in Volume V -
Regulatory and Policy Issues.
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At the request of the National Petroleum
Council, an analysis of the demand for natural
gas by the residential sector was conducted.
Input on the subject was obtained from the Re-
gional Reports of the Demand and Distribution
Task Group; these reports were generally de-
veloped by participants from the local gas dis-
tribution companies (LDCs) serving the re-
gions. Additional information was also
obtained from governmental, industry, and
trade sources.

Residential gas consumption includes sin-
gle family and multi-family units as well as mo-
bile homes. Single family homes include both
townhouses and detached houses. Multi-famnily
units include apartments, condominiums, and
various other types of multi-unit arrangements.
Table 2-1 presents an Energy Information Ad-
ministration table summarizing residential en-
ergy consumption, based on information ob-
tained from Housing Characteristics 1990.1

There are some significant differences be-
tween the space conditioning (heating) equip-
ment and consumption characteristics of the
single family and multi-family sectors. Town-
houses and detached houses are typically
served by individual appliances for space con-
ditioning and hot water purposes. Energy in-
teraction between units tends to be minimal. A
single family Heating, Ventilating, and Air Con-
ditioning system (HVAC) will typically consist
of relatively simple duct work and a furnace or

1 Energy Information Administration, Housing
Characteristics 1990, DOE/EIA-0314(90).

boiler. In comparison, both central systems
and individual systems are used in the case of
the multi-family sector. These multi-family
HVAC systems tend to be more complex than
is the case for single family housing, with a va-
riety of fans, pumps, control systems, duct
work, and equipment options being possible.
The energy consumption characteristics of
multi-family units frequently involve interaction
among units in terms of heat flows. Accord-
ingly, an analysis of a multi-family building will
focus to a greater degree on heat flows, equip-
ment options, and interactions than will the
analysis of a residential single famnily unit. Also,
in multi-family buildings the installation of cen-
tral space heating and cooling systems is now
declining in preference relative to individual
systems. In many cases, owners and develop-
ers are installing individual systems for each
dwelling unit to shift the cost of the utility from
the owner to the occupier of the space.

RESIDENTIAL: AN OVERVIEW

Energy Consumption and
Expenditures

There appears to be general agreement
that regardless of the increased focus on mar-
keting activities, changes in the residential de-
mand for natural gas will be relatively minirnal in
forthcoming years as conservation offsets this in-
creased growth. Table 2-2 and Figures 2-1 and
2-2 surnmarize a number of recent residential
projections. The outlook for residential gas con-
sumption is basically projected to be constant.
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TABLE 2-1

PRELIMINARY ESTIMATES OF ENERGY CONSUMPTION AND EXPENDITURES
FROM THE 1990 RESIDENTIAL ENERGY CONSUMPTION SURVEY

Households Total Average Average
Using the Total Expend- Consumption Expenditures
Type of Housing Energy Consumption itures per per
Unit and Energy Source (Quadrillion (Billion Household Household
Source (Million) BTU) Dollars)  (Million BTU) (Dollars)
All
Households 94.0 9.3 110.5 98.6 1,176
Electricity 94.0 3.0 71.6 32.3 761
Natural Gas 57.7 4.9 27.5 84.9 476
Fuel Qil 11.7 1.0 7.7 84.0 654
Kerosene 5.3 0.1 0.6 115 109
LPG 8.2 0.3 3.2 35.2 390
Single-family 64.4 7.2 85.2 111.3 1,323
Electricity 64.4 24 55.6 37.0 864
Natural Gas 39.5 3.8 20.6 95.0 521
Fuel Oil 8.2 0.8 6.1 92.4 736
Kerosene 4.1 * 0.3 8.6 82
LPG 6.2 0.2 25 37.6 411
Mobile Home 5.2 0.4 5.3 77.3 1,008
Electricity 5.2 0.2 35 31.1 674
Natural Gas 2.0 0.2 0.8 74.6 397
Fuel Oil 0.4 * 0.2 49.5 409
Kerosene 0.9 * 0.2 24.8 233
LPG 1.7 0.1 0.6 29.7 345
Multi-family 24.4 1.7 20.1 82.3 822
Electricity 244 0.5 12.4 19.9 509
Natural Gas 16.2 1.0 6.1 61.6 374
Fuel OIl 3.1 0.2 1.47 65.6 463
Kerosene 0.3 T T T T
LPG 0.4 * 0.1 19.4 254

Data in this table are representative of the total U.S.

These data will differ from similar data collected on EIA’s supply surveys because of differences in
certain survey and/or statistical methodologies between the 1990 Residential Energy Consumption Survey
(RECS) and the supply surveys. For a more detailed discussion of these differences, see Energy
Information Administration, Housing Characteristics 1990, DOE/EIA-0314(90).

* Less than 0.05.

1 Data withheld because the observations were insufficient in the statistical sample to provide
meaningful data.

SOURCE: Preliminary data. Energy Information Administration, Office of Energy Markets and End
Use, Forms EIA-457 A through G of the 1990 Residential Energy Consumption Survey (RECS).
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SOURCES: AGA: American Gas Association, TERA Base Case 1992.
EIA: Energy Information Administration, "Annual Energy Outlook 1992."

GRI: Gas Research Institute, GRI Baseline "Projection of U.S. Energy Supply
and Demand, 1992 Edition (August 1991)."
NPC: National Petroleum Council.

Figure 2-2. Residential Gas Price Projections.
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TABLE 2-2

RESIDENTIAL GAS DEMAND AND PRICE PROJECTIONS
(Quadrillion BTU and 1990 Dollars per MCF, Delivered)

1990* , 1995 2000 2010

Demand Price Demand Price Demand Price Demand Price

AGA 4.50 $5.77 4.86 $6.13 491 $6.71 495 $8.00

EIA 4.50 $5.77 5.01 $6.20 494 $6.92 4,71 $8.92

GRI 4.50 $5.77 4.68 $6.06 4.64 $6.65 448 $8.02
Reference

Case 1 4.50 $5.77 4.90 $5.76 4.87 $6.81 492 $6.99
Reference

Case 2 4.50 $5.77 494 $5.41 4.80 $6.48 4.67 $6.83

* 1990 figures are not weather normalized

Edition (August 1991).
NPC: National Petroleum Council.

SOURCES: AGA: American Gas Association, TERA Base Case 1992.
EIA: Energy Information Administration, Annual Energy Outlook 1992.
GRI: Gas Research Institute, GR/ Baseline Projection of U.S. Energy Supply and Demand, 1992

Changes in gas demand within the residential
sector will be a function of: (1) the effects of en-
ergy efficiency trends—due to Integrated Re-
source Planning (IRP) and equipment efficiency
improvements; (2) the effect of price elasticity;
(3) the level of new construction; (4) the relative
market share that gas is able to capture; (5) new
technologies; (6) possible fuel substitution in the
equipment replacement markets; and (7) the
success of marketing activities.

Residential Growth Rate Summary

During the 1980s the number of single
family residential housing units nationally grew
at a rate of 1.01 percent per year.2 Current
forecasts for the increase in the number of new
residential units over the next 20 years are in the
neighborhood of 1 percent per year. Offsetting
the projected growth in gas demand due to the
growth in the number of households is the de-
cline in the average gas consumption per
household, recently at a rate of 2.1 percent per
year over the time period 1980 to 1990. Table
2-3 summarizes housing and consumption data
in recent years by NPC region. Attached in Ap-
pendix D are graphs of housing and consump-

2 Energy Information Administration, Housing
Characteristics 1990, DOE/EIA-0314(90), Pg X.
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tion by NPC region. The narrative will discuss
uncertainties related to various projections.

Historical Prices and Consumption

Some analysts predict a continuation of
the decline in energy use per household,
based on continued reactions to historical
price trends and in light of increasing efforts in

Demand Side Management programs and [RP3
by gas utilities. Natural gas prices in recent
years have declined in real terms relative to the
early 1980s. The data in Table 2-4 and Figure
2-3 provide a history of gas prices. Although
there has been a decline in gas costs in recent
years, conservation per household appears to
have continued, possibly in response to the
higher prices of the early 1980s accompanied
by the introduction of higher efficiency gas
equipment and mandated equipment minirmum
efficiency requirements. An alternative view
would conclude that the pace of efficiency im-
provements will decline, due to much of the po-
tential for efficiency improvements in the exist-
ing housing stock having already been
realized. Consumption per customer is pre-
sented in Figure 2-4. It should be noted that

3 Integrated Resource Planning is also denoted by
Least Cost Planning (LCP).



Year

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Heating
Degree
Days

4,746

4,805
4,868
4,794
4,667
4,847
4,420
4,532
4,589
4,868
4,739
5,111
4,929
4,858
4,653
4,753
4,758
4,647
4,772
4,430
4,454
4,798
4,875
4,127

TABLE 2-3

RESIDENTIAL GAS DEMAND: IMPORTANT DRIVERS

CONTINENTAL UNITED STATES

Consump-
tion per
Customer
(MCF)
118.4
119.4
124.0
125.2
126.5
128.4
120.0
115.3
118.4
122.3
116.4
117.0
114.4
107.7
101.1
103.6
96.9
99.7
95.6
91.9
90.4
95.4
96.9
87.4

Average
Bill per Price
Customer  (current$/
(19908) MCF)
460.1 1.04
442.8 1.04
440.5 1.05
438.6 1.09
443.3 1.15
453.3 1.21
422.2 1.29
414.7 1.43
464.2 1.71
522.5 1.98
552.4 2.35
561.7 2.56
587.2 2.98
624.2 3.68
621.0 4.29
723.6 5.18
761.8 6.07
757.5 6.13
700.7 6.13
625.1 5.84
566.1 5.55
567.8 5.47
568.8 5.64
503.1 5.76

Average

Price

(19908$/

MCF)

3.89
3.7
3.55
3.50
3.50
3.53
3.52
3.60
3.92
4.27
4.75
4.80
5.13
5.80
6.14
6.98
7.86
7.60
7.33
6.80
6.27
5.95
5.87
5.76

Number of
Gas House-
holds
(Thousands)
36,425
37,248
38,082
38,589
39,249
39,860
40,622
41,487
41,491
41,210
41,336
41,812
43,322
44,054
44,858
44,592
45,075
45,576
46,236
46,779
47,612
48,379
49,213
50,086

Number of
Households
(Thousands)

59,510
61,018
62,337
63,538
65,195
67,110
68,803
70,398
71,910
73,606
75,187
77,005
78,562
79,965
81,691
82,489
83,160
84,713
86,052
87,233
88,339
89,707
90,947
91,402

Volume and price data derived primarily from the supply survey Form EIA-176, “Annual Report of Natural
and Supplemental Gas Supply and Disposition.” These data will differ from similar data collected in EIA’s
Residential Energy Consumption Survey (RECS) because of differences in survey and/or statistical
methodologies. For a more detailed discussion of these differences, see Energy Information Administration,
Housing Characteristics 1990, DOE/EIA-0314(90).

SOURCE: Energy Information Administration, Natural Gas Annual 1990 Volume Il (DOE/EIA 0131(90)/2,
Dec. 1991), Tables 15 & 17; Economic Report of the President, February, 1992, Table B-3; U.S. Dept. of
Commerce, Bureau of the Census.
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TABLE 2-4
RESIDENTIAL GAS DEMAND: SIGNIFICANT FACTORS
'CONTINENTAL UNITED STATES

1975 1980 1985 1990 1975 1980 1985 1990
REGION 1 REGION 6
population 12,163 12,348 12,657 13,207 population 22,549 25,050 27,992 28,218
households 4,086 4,362 4,683 4,943 households 7,314 8,717 9,832 10,210
sales(MCF) 1,438,098 1,501,317 1,569,718 1,758,004 sales(MCF) 4,945,276 4,607,037 4,243,678 4,101,666
gas % of total energy 15.80 18.50 19.70 20.60 gas % of total energy 34.70 27.60 23.30 21.40
avg. gas price 7.25 8.71 9.67 7.88 avg. gas price 3.19 4.95 6.48 5.54
consumption per customer 86.7 91.3 90.1 92.9 consumption per customer 98.2 83 71.5 68.2
REGION 2 REGION 7
population 25,341 24,923 25,307 25,720 population 11,513 11,765 11,970 11,950
households 8,773 8,889 9,233 9,434 households 3,998 4,289 4,435 4,572
sales(MCF) 4,659,268 4,816,722 4,855,845 5,249,374 sales(MCF) 4,097,575 3,712,911 3,421,858 3,091,607
gas % of total energy 30.70 34.00 34.90 36.90 gas % of total energy 44.90 39.50 38.20 34.50
avg. gas price 5.92 7.85 9.16 7.09 avg. gas price 3.07 4.68 6.07 4.9
consumption per customer 84.1 89.3 84.3 86.4 consumption per customer 148 125.9 113 97.6
REGION 3 REGION 8
population 24,228 24,610 25,140 25,916 population 6,272 6,952 7,607 7,605
households 8,092 8,690 9,184 9,723 households 2,048 2,431 2,695 2,794
sales(MCF) 4,713,389 4,916,787 4,346,748 4,252,757 sales(MCF) 2,224,243 2,013,061 2,106,591 1,885,539
gas % of total energy 30.20 29.00 26.80 25.00 gas % of total energy 48.10 43.50 40.50 36.10
avg.gas price 4.57 6.24 8.21 6.59 avg. gas price 2.78 4.85 6.06 4.79
consumption per customer 116.3 118.9 103.8 96.4 consumption per customer 167.9 125.1 113.8 95.5
REGION 4 REGION 9
population 35,853 38,880 42,068 44,708 population 24,443 27,186 30,488 34,627
households 11,708 13,740 15,411 16,929 households 8,605 9,891 10,985 12,216
sales(MCF) 3,601,518 3,677,706 3,212,483 3,393,829 sales(MCF) 6,940,284 5,857,710 5,863,617 5,768,278
gas % of total energy 16.80 14.60 12.20 11.40 gas % of total energy 52.40 43.10 40.40 37.10
avg.gasprice 3.54 5.67 7.27 6.12 avg. gas price 3.62 5.6 6.95 5.83
consumption per customer 94.1 8s.1 71.4 66.3 consumption per customer 99.8 74.6 69.1 60
REGION § REGION 10
population 45,058 45,759 45,840 46,384 population 6,783 7,709 8,098 8,716
households 14,933 16,098 16,560 17,244 households 2,354 2,857 3,038 3,336
sales(MCF) 16,713,108 16,894,075 15,302,782 14,825,696 sales(MCF) 787,307 568,422 641,663 744,669
gas % of total energy 46.40 47.50 45.90 44.50 gas % of total energy 26.60 9.70 9.80 11.40
avg. gas price 3.62 5.42 7.08 5.07 avg. gas price 5.11 8.45 8.07 5.43
consumption per customer 160.4 152.1 133.9 119.7 consumption per customer 120.6 81.8 85.8 80.5
population, households, & sales = thousands
avg. gas price = 1980$/MCF
consumption per customer = MCF NATIONAL 1975 1980 1985 1990
National totals do not include Alaska and Hawall. population 214,203 225,182 237,167 247,051

households 71,911 79,964 86,056 91,401

SOURCE: U.S. Department of Commerce, Bureau of the Census; Energy Information Administration, sales(MCF) 50,120,056 48,565,748 45,564,983 45,071,419
"Natural Gas Annual, 1990 Volume II," (DOE/EIA -0131(90)/2, December 1991), Tables 15 & 17; gas % of total energy 34.76 32.22 30.08 28.44
Energy Information Administration, "State Energy Data Report Consumption Estimates 1960-1990," avg. gas price 3.82 5.8 7.33 5.76
DOE/EIA-0214(90); Economic Report of the President, Feb. 1992, Table B-3; Energy Information consumption per customer 118.4 107.7 95.6 87.4

Administration, "Monthly Energy Review June 1992," DOE/EIA—0035(92/06), Table AS.
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Figure 2-3. National Residential Natural Gas Prices.
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Figure 2-4. National Residential Consumption per Customer.
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consumption data have not been weather nor-
malized and recent warmer than normal win-
ters have influenced consumption patterns.
Appendix D displays average price graphs by
NPC region.

Market Share Outlook

Prior to the general moratorium on new
residential gas hook-ups of the 1970s, natural
gas was the predominant residential fuel in
many areas of the country. During the gas
moratorium there was a reliance on oil heating,
and electric heating achieved increased ac-
ceptance. Since 1981, the market share of nat-
ural gas in new homes improved dramatically,
returning to the levels achieved in the late
1960s and early 1970s. Still, the improvement
. and increased market penetration of the elec-
tric heat pump created a major competitor for
natural gas in many areas of the country. There
is currently a high level of competition between
electricity and natural gas for market share in
the new construction single- and multi-family
residential market. However, natural gas still
enjoys a substantial price advantage.

The uncertainty of residential projections
of market share for gas in new construction are
a function of the relative heating costs of gas
and competing fuels, available technologies,
technological change, market mix (single famnily
detached, apartments, condos, townhouses,
etc.), and consumer preferences. In addition to
the new construction single family market, op-
portunities for additional residential space heat-
ing demand include conversions from another
fuel and increased penetration of existing us-
ages. Some gas utilities are experiencing a sig-
nificant level of conversions from oil. Depend-
ing on modeling assumnptions, one can show a
slow increase or a slow decrease in consump-
tion; however, neither case would be dramatic.

Technological Advances

Technological changes may impact the
competitive position of natural gas space heat-
ing. The introduction of a residential gas-fired
heat pumnp to the single family market, if suc-
cessful, could capture some load that currently
is lost to the electric heat pump. A gas heat
pump would decrease winter load, would in-
crease summer load, and might increase con-
sumer preferences for gas. Other techno-
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logical changes include higher efficiency boil-
ers and furnaces in equipment serving both
single family and multi-family markets. For ex-
ample, advances have been made in recent
years using combination heating and water
heating equipment oriented towards the town-
house market. This design uses a water
heater to supply not only hot water but also to
supply heat using a hot water coil in an air
handler.

Finally, increased penetration of water
heating, cooking, clothes drying, and gas logs
may be possible in some markets. There are
also, however, miscellaneous technologies that
could cut into natural gas market share. Two
examples are: halogen cooking, which has re-
cently entered the market, and microwave dry-
ers, which currently are in the prototype stage
with limitations (e.g. cost, metal on clothes), but
may become popular. Chapter Seven (New
Technology) discusses technological changes
in detail.

Constraints to Increased Market
Penetration—Single Family

Constraints to increased residential single
family gas consumption include energy effi-
ciency improvements, first costs of new tech-
nologies, the cost of new hook-ups, and the
lack of previous natural gas consumption/famil-
iarity, which results in continued consumption
of alternative fuels. It appears likely that con-
servation will continue as the existing stock of
residential gas appliances are replaced with
new, high-efficiency gas appliances. In order
to maintain residential market demand, the fol-
lowing are needed: (1) increased penetration
in the new construction market; (2) retention in
the replacement market; (3) market enhance-
ment, i.e. additional burnertip appliances with
current customers; and (4) some fuel substitu-
tion in the replacement market. Absent such
new demand, throughput will decrease while
fixed costs remain constant. This leads to in-
creased rates and decreased competitiveness.
The increase in the number of burnertips al-
lows current customers to cover current costs,
and “true growth” will result in additional hook-
ups rather than that load being used to offset
attrition/energy efficiency improvements. This
scenario provides a win-win position for both
the consumer and the gas industry.



New hook-ups require major investments
in terms of services, meters, and mains. This is
investment capital that the companies need to
provide up front in order to provide service,
and highlights the need for a financially viable
industry.

Multi-Family Applications

Natural gas plays an important role in
multi-family applications. Table 2-1 indicates
that the multi-family gas consumption is 20 per-
cent of the overall residential sector gas con-
sumption. There are significant differences be-
tween single family and multi-family
applications. In general, energy consumption
in multi-family space is more dependent on the
installed equipment than is the case for resi-
dential single family detached and townhouse
units. In the case of central boilers for heating
and hot water applications, the choice of cy-
cling and control systems can have a significant
impact on energy consumption. Energy flows
between multi-family units can also have an im-
pact on consumption. In contrast, building
shell characteristics may be less important (but
not unimportant) than is the case for residential
single family units.

Reference Sources

The analysis in this chapter draws on two
major sources of information: nationally avail-
able statistics, generally obtained from the En-
ergy Information Administration and the
American Gas Association, and the reports of
each of the ten Regional Demand and Distri-
bution Task Groups.

THE RESIDENTIAL SECTOR:
EIA INFORMATION

Housing Characteristics and
Related Statistics

The Energy Information Administration
has issued a number of editions of its housing
characteristics report; the eighth edition is
Housing Characteristics 1990, based upon data
collected by the 1990 Residential Energy Con-
sumption Survey (RECS). Over 5,000 house-
holds were surveyed, as representative of the
characteristics and energy consumption of the
94 million households nationwide.

Perhaps the most significant finding
is that the characteristics of new
housing (built between 1988 and
1990) are changing relative to hous-
ing built since the 1970s. New hous-
ing is on average larger, more en-
ergy efficient, and most likely gas
heated rather than electrically
heated, but these changes were not
large enough to affect the national-
level shares for natural gas and elec-
tricity. This finding shows that even
though lower energy prices may
have lessened somewhat the eco-
nomic incentives for change, the new
energy programs of the 1980s are
changing the nature and consump-
tion patterns of housing in the United
States.4

The report presents a number of conclu-
sions related to natural gas:

* 55 percent of households use natural gas
for space heating, and 53 percent for wa-
ter heating, unchanged from 1980.5

* The growth in natural gas availability has
lagged housing growth: The proportion of
households reporting that natural gas was
available in the neighborhood or that
were already connected to a gas line de-
creased from 76 percent in 1981 to 72
percent in 1990. The report notes that 81
percent of older homes (built before
1940) have natural gas available. How-
ever, for homes constructed during the
1980s gas availability was only 50 percent.
Current availability is 55 percent for new
construction. This presents evidence that
natural gas distribution systems have not
fully expanded into existing neighbor-
hoods, providing significant potential for
future electric and oil conversions.

* There is, according to the study, a signifi-
cant potential for increased use of natural
gas. Of the 57.5 million households that
were connected to natural gas in 1990, the

4 Energy Information Administration, Housing
Characteristics 1990, DOE/EIA-0314(90), “Residential En-
ergy Consumption Survey," May 1992, Pg IX.

SIbid., Pg X.
6 Ibid., Pg XI.
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study concluded that 6 million did not use
it for space heating, 7.7 million did not use
it for water heating, and 24 million did not
use it for cooking. Another 10 million
households had natural gas available in
the r%eighborhood but were not connected
to it.

Table 2-5, taken from the EIA report, indi-
cates that a number of houses either do not
have gas but are on or near gas mains; or do
have gas but do not use it for a major end use,
such as heating, water heating, or cooking.

Conversion Potential

Current residential gas consumption was
estimated at 4.9 quadrillion BTU (QBTU). The
total residential gas consumption, which could
occur if there were full gas utilization, is esti-
mated at 6.75 QBTU.

* 10 million households currently are acces-
sible to a gas main but are without gas—at
1,080 Therms per household, including
heating and water heating, ultimately
equals 1.1 QBTU.

T 1bid., Pg XI.

* 6 million households currently with gas,
but without gas heating equals 0.45 QBTU,
at 750 Therms per household.

* 1.7 million households currently with gas,
but without gas water heating, equals 0.23
QBTU, at approximately 300 Therms per
household.

* 24 million households with gas but without
gas cooking equals 0.07 QBTU, at approxi-
mately 30 Therms per household.8

If full conversion were obtained, this would
provide an increase of 1.85 QBTU, a 38 percent
increase in the overall level of residential gas
consumptiong It should be noted, however, that
any increase could only occur over an extended
time period and that an increase of this magni-
tude in the near future does not appear likely.

8 Therm consumption for each appliance per
household was based on an informal market survey con-
ducted by the Demand and Distribution Task Group.

9 Information obtained from Energy Information
Administration, Housing Characteristics 1990, DOE/EIA-
0314(90).

Neighborhood

natural gas.

Use Data Files.

TABLE 2-5

POTENTIAL MARKET FOR U.S. RESIDENTIAL USE OF NATURAL GAS
1981 AND 1990
(Million Households)

Uses 1981 1990
Household Already Uses Natural Gas but Not as:
Main Space-Heating Fuel 7.2 6.0
Main Water-Heating Fuel 7.8 7.7
Main Cooking Fuel 21.2 24.0
Household Does Not Use Natural Gas, but it is Available in the 9.9 10.0

The same household may b e represented more than once depending on the number of uses it makes of

The figures in this table for 1990 were derived from Table 19 of the 7990 Residential Energy Consumption
Surveys (RECS). For example, the figure of 24.0 million for households that could use natural gas for cooking
was derived by subtracting the 33.7 miillion households that use natural gas as their main cooking fuel from the
57.7 million households that use natural gas for some purpose.

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-457 A,
B, and C of the 1981 and 71990 Residential Energy Consumption Surveys (RECS), Table 19 and RECS Public




FACTORS THAT DRIVE
RESIDENTIAL GAS DEMAND—
OPPORTUNITIES

Table 2-4 presents data on some of the
major factors that drive residential gas de-
mand: population, housing stock, gas penetra-
tion, and price.

Penetration

Natural gas consumption has a major part
of the single family market: 55 percent, vary-
ing by region. The penetration of natural gas
appears in the long run to be a function of the
relative cost of competing fuels. The natural
gas industry is still recovering from the morato-
rium on new hook-ups during the 1970s. Hav-
ing been out of the market for an extended pe-
riod of time, the industry found that building
practices, customer acceptance of competing
fuels, and expectations had changed. It ap-
pears that natural gas is making a substantial
comeback, particularly in the replacement
market. Since the new construction industry
has recently been slow, the replacement mar-
ket becomes more significant.

Population

The demand for new housing is related to
household formation and, ultimately, population
growth. Some regions are growing, and popu-
lation growth and relocations will have an effect
on gas hook-ups. The mix of population is also
important. For example, younger people, new
families, singles, and other living groups differ-
ent from the traditional four person household
can have an impact on gas demand. These
types of households tend to live in multi-farnily
housing and in housing units with less space
than is traditionally required. In some areas of
the country this type of housing requirement
may be more electric heat pump oriented than
central system/gas furnace oriented. A chal-
lenge facing the gas industry is to tailor equip-
ment to available markets while ensuring that
the equipment is cost effective.

Alternative Piping

Alternative piping systems have recently
gained attention as a means of increasing gas
consumption. They offer greater flexibility in
piping installations at a reduced cost, thereby

removing one of the impediments to the instal-
lation of gas—the relatively high cost of piping.
Both Corrugated Stainless Steel Tubing (CSST)
and copper piping use smaller diameters that
enable longer continuous runs with fewer fit-
tings. This also allows for less inventory space
and some sources have suggested a savings in
labor of approximately 50 percent.

Environmental Issues

Environmental issues have become in-
creasingly important in recent years. As are-
sult, regulatory and legislative activities such as
the Clean Air Act Amendments of 1990, have
required customers to consider the environ-
mental impacts of energy use. This may favor
the increased penetration of natural gas. The
increases could be a result of three basic fac-
tors: (1) an increase in the relative prices of al-
ternatives to natural gas; (2) a direct prohibition
on some pollutants; and (3) incorporation of en-
vironmental factors into utility planning pro-
cesses.

Specific Pollutants

While there are a number of important
categories of pollutants associated with energy
use, the following five broad categories are the
most important concerning competitive end-
use markets:

* National Ambient Air Quality Standards
(NAAQS) Pollutants: nitrogen oxides, car-
bon monoxide, sulfur oxides, inhalable
particulates, and organic gases (total or-
ganic gases, volatile organic compounds,
and methane).

* Global Climate Change Compounds:
carbon dioxide, methane, tropospheric
ozone, nitrous oxide, and halogenated
compounds.

* Indoor Air Pollutants: nitrogen oxides,
carbon monoxide, aldehydes, inhalable
particulates, radon, and toxic chemicals.

* Halogenated Carbon Compounds: chlo-
rofluorocarbons (CFCs), hydrogenated
chlorofluorocarbons (HCFCs), hydro-
genated fluorocarbons (HFCs), and
halons.

* Hazardous Wastes: mercury and other
hazardous metals, PCBs, and CFCs.
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Pollutants that are directly prohibited as a result
of the Clean Air Act Amendments of 1990 are
CFCs. This Act calls for the phasing out of
CFCs by the year 2000 and imposing excise
taxes in the meantime. A recent Presidential
Order is accelerating that date to 1995. Resi-
dential gas A/C is ammonia based, as opposed
to electric A/C that is CFC or HCFC based.

In reference to space heating systems,
carbon dioxide (CO2) is the primary ‘“‘green-
house gas"” thought to contribute to global
warming. Residential gas heating systems emit
33 percent less CO2 than oil. Also, sulfur diox-
ide and nitrous oxide emissions are much
greater with electric or oil systems, contribut-
ing to acid rain and general air pollution.

Ideally, any analysis of the environmental
benefits of gas versus competing options
should look at environmental impacts consider-
ing all of the above. However, limited analyses
that look at selected pollutants can provide use-
ful information. Caution should be taken when
making generalizations based on these limited
analyses.

Selected Study Findings

The following studies indicate the inability
to generalize the environmental benefits of one
fuel source over another. They appear to be at
odds, indicating that important issues appear
to be controversial and still somewhat unre-
solved.

American Gas Association
Study Findings

The American Gas Association study, Po-
tential Carbon Dioxide Emissions Reductions
From Residential Space Heating Conversions
(April 1991), found that the conversion of less
efficient conventional heating systems (low av-
erage fuel utilization efficiency [AFUE] natural
gas, fuel oil, and electricity) to new, more effi-
cient natural gas systems can reduce CO2
emissions by as much as 75 percent.

The study also concluded the following:

* The annual CO2 emissions attributable to
a new, efficient natural gas space heating
systemina 1,500 sqg. f home are approxi-
mately 77 percent lower than that of an ex-

~ isting electric resistance heating system in
the same size home, with electricity sup-
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plied by power plants (see Figure 2-5).
The same is true for a house double the
size, 3,000 sq. ft. (see Figure 2-6).

* Converting existing fuel oil systems to
new natural gas space heating can reduce
CQO2 by about 47 percent.

* Comnverting an existing heat pump to new
natural gas space heating can reduce
CO2 by approximately 62 percent.

* New natural gas space heating systems
are about 50 percent better for the envi-
ronment than the new electric heat pump
system.

U.S. Department of Energy Study

Findings

The U.S. DOE study, Energy and Global
Warming Impacts of CFC Alternative Technolo-
gies (December 1991), compared the direct
and indirect global warming contributions of
gas-fired absorption air conditioners to electric-
driven vapor compression technologies. The
study concluded that “It is clear that this tech-
nology [gas-fired absorption A/C] results in a
severe global warming penalty relative to
HCFC-22 vapor compression systems regard-
less of electric generation fuel” The authors
also concluded that while thermally activated
heat pump technologies may have global
warming benefits in the long-term, “it is unlikely
that products using natural gas or other fossil
fuels will have a significant impact in the time
period corresponding to the CFC phaseout” re-
quired by the Clean Air Act.

New Equipment

There have been a number of advances in
new residential gas equipment, as mentioned
previously, in conjunction with the Appliance
Efficiency Standards. Of particular note are
higher efficiency boilers, furnaces, dryers, and
ranges. The residential gas heat pumnp, while
still in the testing stage, is expected to be a ma-
jor player in the near future. In addition, new
products that increase efficiency and ambiance
for the consumer include gas fireplace logs,
which offer modern convenience, the cleanest
burning fuel, and old-fashioned charm. They
provide the ambiance of a woodburning fire-
place at half the cost of seasoned firewood,
without the work, and without negative environ-
mental impacts. In addition, they provide
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requirements based on moderate region (St. Louis).
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value; according to Remodeling Contractor
magazine, gas fireplace logs can return 138
percent on investment at time of resale. 10

Other new products include gas light dim-
mers, patio heaters, and hot tubs, spas, and
pool heaters. Some observers have suggested
that technological change in residential gas ap-
pliances has not kept pace until recent years. A
challenge to the industry is now to show the
consumer what is available. As previously
mentioned, Chapter Seven on ‘“‘New Technol-
ogy” details these new advances.

Gas Integrated Resource Planning

IRP can increase demand through the fol-
lowing two mechanisms:

1. IRP can favor the switching of customers
from other fuels to natural gas, thereby
leading to an energy efficiency increase—
a reduction in energy used—but an in-
crease in the use of natural gas.

2. IRP can lead to consumption increases.
Therefore to the extent that electric utili-
ties are fully engaged in IRP and natural
gas is the fuel of choice for future generat-
ing capacity additions, natural gas de-
mand will increase as a result.

For a full discussion of IRP and its impact
on the demand for natural gas, see Appendix C.

FACTORS THAT DRIVE RESIDEN-
TIAL GAS DEMAND—ISSUES

Price

Price is believed to have a major impact
on gas consumption. The history of gas prices
in recent years is mixed. Figure 2-3 presents a
history of residential gas prices in nominal and
real terms. Residential gas prices were subject
to a significant run up during the gas supply
shortages of the late 1970s and early 1980s. As
a result of the increase in gas prices there was
a substantial impetus to manufacturers to in-
crease the efficiency of the available gas
equipment. In recent years, natural gas prices
have been decreasing in real terms. Many ob-
servers believe that this has caused some de-
crease in the rate of conservation.

10 e Right Choice—Natural Gas Fireplaces Equip-
ment; Consumer Information Committee of the American
Gas Association; 1988.
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For the future, residential natural gas
prices on a delivered basis are expected to in-
crease. Table 2-3 and the accompanying Fig-
ure 2-2 present a number of forecasts for gas
prices. In addition, in view of FERC Order 636
series it is expected that there may be some
shifting of costs to lower load factor LDCs, par-
ticularly those with a predominately residential
customer base. A more detailed discussion of
FERC Order 636 series is discussed in Chapter
One (Background and Distribution Issues).

Demand Elasticity—Pricing Effects

Demand elasticity is the term that
economists use to describe the impact that
changes in prices will have on consumption.
The short run refers to that period of time in
which capital equipment is fixed. The long run
refers to that period of time in which capital
equipment can change. Thus, as consumers ex-
perienced increases in natural gas prices in the
1970s, the short run reaction was to consume
less natural gas through behavioral changes
(lower thermostats, etc.). However, a more im-
portant and fundamental change occurred as
the price increases began to be perceived as
permanent. First, customers began to demand
and manufacturers began to produce appli-
ances that were more efficient than those they
were replacing. Second, consumers began to
improve the thermal integrity of the dwelling
units in which consumption was taking place.

During the late 1980s, delivered residen-
tial natural gas prices declined in real terms. It
appears likely that this trend has reversed and
that real natural gas prices will increase in real
terms in the future. Accordingly, an elasticity
analysis would suggest that continued decline
in consumption per household will occur.

See Appendix E for a more detailed Elas-
ticity discussion.

National Appliance Enexrgy Conser-
vation Act—Impacts and Trends

Declines in consumption per customer
have also been effectively legislated by the
United States Congress. Congress has passed
the National Appliance Energy Conservation
Act (NAECA). Phase 1 of this legislation estab-
lished mandatory appliance efficiency stan-
dards for a number of appliances that use natu-
ral gas as well as those appliances whose



efficiency determines the amount of gas
burned in another appliance. Phase 2, which is
expected to phase in around the year 2000,
while similar in scope, may require minimum
efficiencies of 80-90 plus percent.

Historical, current, and projected appli-
ance efficiency standards for a number of ap-
pliances are surnmarized in Table 2-6.

The affected appliances include heating
and air conditioning, water heaters, dishwash-
ers, clothes washers, dryers, and ranges/ovens.
Efficiency standards applied to dishwashers
and clothes washers impact natural gas con-
sumption by limiting hot water usage and
therefore natural gas consurnption in those in-
stances in which hot water is provided with a
natural gas appliance. The other standards re-
duce gas consumption directly through in-
creased efficiencies in the end-use gas appli-
ances.

To examine the impact of these standards
on natural gas consumption, consider the natu-
ral gas furnace, which NAECA required to be
manufactured at an efficiency level of 718 per-
cent by 1992. Prior to these standards, the av-
erage efficiency of a natural gas furnace was
approximately 67 percent. Thus, ignoring

other influences, every furnace that is replaced
will increase efficiency by approximately 11
percent given today's standards. Given the life
expectancy of a furnace to be 25 years, the vast
majority of gas-fired furnaces will be replaced
by 2010. The standards will be even higher in
the future, expected to reach 80-90 plus per-
cent for a gas furnace in 2000.

There have been discussions pertaining
to the possibility of electric air conditioning
systems becoming obsolete and being totally
replaced by the electric heat pump. This
would lower heat pump costs, due to
economies of scale, and would increase com-
petition for the gas heating market.

Access to Gas Mains and
Population Density

Cost Issues

Another significant concern associated
with the penetration of natural gas is the physi-
cal distribution problem. Natural gas utilities
incur significant costs in the distribution of their
product. As the density of the population that
gas mains are projected to serve increases,
these costs can be spread over a larger base of

Product 1965

Furnace 67% AFUE

Boiler - 67% AFUE
Hot Water

Boiler - 62% AFUE
Steam

Water Heater 49%
Storage

Water Heater NA
Instantaneous

Dryer Standing Pilot

Range Standing Pilot

75% Thermal
Efficiency

Swimming Pool
Heater

TABLE 2-6

NATIONAL APPLIANCE ENERGY CONSERVATION ACT
EFFICIENCY REQUIREMENTS: PAST, PRESENT, AND FUTURE

1992 2000
78% AFUE 80+% AFUE
80% AFUE 82+% AFUE
75% AFUE ?
54% 56-62%
E.F.=0.62
No constant buming pilot Auto-dry
?

Those with electric supply
cord must not have constant

78% Thermal Efficiency

SOURCE: NAECA and Washington Gas Research & Utilization.

burning pilot
80+% Thermal
Efficiency
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customers and a competitive viability can be
maintained.

Access Issues

Homes that have access to gas mains but
do not currently utilize gas are called “on-
mains,” due to the close proximity of a gas
main. Many utilities actively pursue ‘‘on-main”
customers via direct mail and creative financ-
ing programs. Recently, several private indus-
try vendors have become active in locating
these potential gas customers and are selling
these databases to the utilities. These are key
markets for gas utilities to target, due to the
ease of running a gas service and the fact that
by cost effectively adding new customers the
LDC effectively decreases operating costs per
customer and for all customers.

Because of the standard, one-quarter to
one-half acre lots of a typical suburban subdi-
vision, “main” access is not a problem for
many natural gas distribution utilities that
serve largely urban and suburban areas.
However, there may be problems in serving
larger lots depending on load and other fac-
tors. It is difficult to economically justify main
extensions into less densely populated areas
unless substantial commercial or other types
of load are available.

Economic Test Criteria—LDCs

LDCs need to work within main extension
policies in addressing the provision of service
to new customers. Most LDCs have economic
test criteria for the extension of facilities to
serve new customers. These tests ensure that
the utility attaches load that meets long run prof-
itability criteria. This is especially relevant in
the residential market where extensions to
serve subdivisions may not be profitable in the
short run, but facilities must be in place to pro-
vide service to the commercial enterprises that
inevitably result from new residential growth
and will be along that main extension. Histori-
cally, commercial establishments have a greater
utilization of natural gas than do residential and,
therefore, provide the necessary demand base
to justify the main extension. In this scenario, if
the LDC did not install its facilities to serve the
new subdivision it would not be in place to pick
up the commercial business.

34

An inflexible extension policy would have
the LDC walk by the subdivision and, most
likely, walk by the commercial business be-
cause the residential demand, by itself, might
not have passed the economic criteria. In this
instance, not only would the utility have passed
up all this business but, most likely, would have
lost it for the life cycle of the alternative heating
equipment. This points out the necessity of
maximizing gas utilization in premises by cap-
turing more loads, thereby increasing the likeli-
hood of passing an economic test and thus be-
ing able to serve that load.

While all extensions should meet an eco-
nomic test, either in the short run or the long
run, it must also be remembered that LDCs,
like all companies, need to grow. Stated dif-
ferently, absent growth, costs go up without
an increase in new customers; therefore, rates

go up.

Electric Heat Pump Trends

Prior to the moratorium on new gas con-
nections during the 1970s, natural gas was the
preferred fuel choice for space heating and
water heating applications. This was primarily
based on the fact that electric options were
more expensive to operate. However, with the
advent of the heat pump, a new alternative to
natural gas and oil was available. The heat
pump will present a significantly greater chal-
lenge to the preference of natural gas as a heat-
ing option. Also, in some areas, residential re-
habs and remodeling result in the development
of multi-use space in what was formerly single
family space. This increased utilization of
space is sometimes associated with the in-
creased installations of heat pumps. Also,
multi-use spaces generally involve renters, thus
the owner is generally more concerned with
the first cost of the equipment rather than the
equipment operating costs. As a result, there is
sometimes a conversion from gas.

Price Analysis of Gas & Electric

Another factor that calls into question the
continued expansion of natural gas is the trend
in the pricing of gas and competing fuels such
as electricity. Any discussion of the relative
economics of natural gas versus electricity is
based on the relative prices of the fuels.



If prices are set below marginal cost, one
could assume that consumption of gas or elec-
tricity is not at an economically efficient level
and therefore leads to unnecessary consump-
tion of the respective fuel source. Such rates
are believed by some to be economically inef-
ficient, and would lead to unnecessary con-
sumption of one fuel relative to the other.

. The important point of this discussion is
that price is the only signal that the economy
sends regarding which fuel should be con-
sumed. If natural gas enjoys an advantage in
this regard, it will be consumed. If electricity
enjoys an advantage, its increased consump-
tion will be favored. Comparative price analy-
sis using appropriate marginal cost estimates
can help determine which fuel source’s prices
may be set inefficiently and therefore provide
unfair advantages.

Other Impediments to Increased
Natural Gas Consumption

Impediments to natural gas consumption
include concerns over first cost and operating
cost factors. In general, natural gas equip-
ment has a higher first cost than the major
competing fuel; but the. operating cost is
lower, resulting in an overall lower life-cycle
cost. In view of consumer discount rates, un-
certainties and lack of information, and the
split between owners and users in the case of
multi-family space, this may present a prob-
lem to the increased consumption of natural
gas in some residential markets.

CONCLUSIONS

Up to this point the pros and cons tending
to increase or decrease natural gas consump-
tion in the residential sector have been out-
lined. Clearly there are a number of driving
factors at work:

* Itis likely that consumption per household

will continue to decline.

- Energy efficiency and conservation will
continue. As older equipment contin-
ues to be replaced with newer equip-
ment, we will continue to see trends to-
wards increased energy efficiency.

- Integrated Resource Planning is likely to
increase its impact on the residential
market.

* The number of residences with natural
gas service will continue to increase. The
NPC and the gas industry believe that
consumers will continue to prefer gas as a
total energy source to electric based on
comfort, value, environmental awareness,
and price. In addition, there is a gradual
tendency for conversions from other fuels
to gas.

* The penetration of gas heating in the resi-
dential market is returning to historical
levels as restrictions on gas system ex-
pansions have been removed.

* The impact of new technologies in the res-
idential market will continue to improve
the economic efficiency and penetration
of gas appliances.

Accordingly, it is likely that consumption
per household will continue to decline, while
the number of households using gas continues
to increase. This results in the projected level
of overall residential consumption remaining
fairly level. This does not mean that the resi-
dential marketplace is one in which there is lit-
tle activity. LDCs have active marketing pro-
grams, which feature the advantages of all
types of gas appliances (e.g., heating, water
heating, cooking, drying, fireplaces, grills, and
other options). Atthe same time, electric com-
panies have active programs underway for the
heat pump and other electric options. How-
ever, overall consumption of 4.6 QBTU per year
is projected to remain relatively constant.

THE REGIONS

The regional reports are briefly surnma-
rized below. In most regions, very little addi-
tional consumption of residential gas is pro-
jected to occur, except in parts of Regions One,
Two, and Three. Additional customers will be
hooked up, and penetrations will increase, but
substantial trends towards conservation will off-
set increased sales. Much of the heating con-
version will come from oil (generally in signifi-
cantly older homes) or electric (generally in
homes built during the natural gas moratorium
of the 1970s).
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Region One: Connecticut, Maine,
Massachusetts, New Hampshire,
Rhode Island, and Vermont

The New England gas market has tradi-
tionally been characterized by a high percent-
age of sales to weather sensitive, firm cus-
tomers who use gas primarily for heating
purposes. As‘a result, the industry has experi-
enced winter peaks that have greatly ex-
ceeded daily consumption. According to the
State Energy Data System, total gas consump-
tion in New England was 426.7 trillion BTU
(TBTU) in 1990 compared to 303.9 TBTU in
1980. This was a 40 percent increase in natural
gas consumption over this period.

The residential sector is the largest gas
consurning sector in New England, accounting
for 41.3 percent of total sales in 1990. Although
residential consumption increased from 149.3
TBTU in 1980 to 176.2 TBTU in 1990, the resi-
dential share of regional natural gas consump-
tion dropped from 49.1 percent in 1980 to 41.3
percent in 1990 due to growth in other sectors,
particularly the electric generation sector.

Natural gas market share in the Region
One residential sector is far lower than that in
the rest of the United States. This is primarily
because natural gas service is not yet available
in many areas of New England and a significant
proportion of the customers who have gas ser-
vice do not utilize gas for space heating. The
saturation of gas service and gas heat in New
England continues to lag far behind the rest of
the United States, despite the significant in-
crease in the number of homes heating with
gas in the past decade.

Over the past fifteen years, LDCs in New
England have concentrated on increasing the
penetration of gas heat in homes with gas ser-
vice, and on increasing the saturation of gas
service in households that are located on or
near mains. Both of these programs have been
relatively successful. For example, in 1975 only
55 percent of the households in New England
which had gas service utilized natural gas for
space heating; this figure has increased in
nearly every year between 1975 and 1989 and
has reached 71 percent in 1989. In compari-
son, the percentage penetration of gas heat in
households with gas service in the rest of the
United States has remained relatively constant
over this period, increasing only slightly from
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the 85 percent level achieved in 1975 to 89 per-
centin 1989.

Region Two: New York and
New Jersey

The residential conversion market is seen
as the remaining major market with substantial
growth potential in natural gas demand. As of
1990, the saturation of residential customers
with natural gas service was 52 percent in New
York and 70 percent in New Jersey. Obstacles
to increasing market share were seen as long-
term service contracts between residential cus-
tomers and oil dealers, and ad campaigns by
oil dealers. It was suggested that a target of 85
percent penetration would be appropriate.

Region Three: Delaware, Pennsyl-
vania, Maryland, Virginia, West
Virginia, and District of Columbia

Expected trends in gas share in the resi-
dential market include: '

* In general, the gas market share of the
residential market will continue to grow as
a result of the cost of electricity increasing
faster than the cost of gas due to the 1990
Clean Air Act Amendments compliance
by electric utilities and as a result of new
pipeline capacity being made available in
areas where oil is prevalent.

* The number of new residential customers
will continue to grow, both from new con-
struction and conversions from other fuels.

* Gas consumption per residential unit will
continue to decline.

* Total residential gas consumption will re-
main relatively flat or slightly increase.

* The perception that gas is the preferred
fuel for the residential market will con-
tinue.

* As electric utilities take advantage of De-
mand Side Management opportunities,
the add-on heat pump will become a
stronger competitor for the residential
space heating market.

Residential consumption is projected to
remain relatively flat, or slightly increase. The
number of new residential gas customers will
continue to grow, both from new construction



and conversions from other fuels. However,
conservation will offset increasing market share
and new customers.

Region Four: Alabama, Florida,
Georgia, Kentucky, Mississippi,
North Carolina, South Carolina,

and Tennessee

Region Four on average has mild winters
and hot summers. Therefore, air conditioning,
rather than heating, is the more prominent resi-
dential energy use. This is part of the reason
gas's residential market share is only about 2/3
the national average and why the electric heat
pump will pose significant competition.

In homes built prior to 1974, gas heating
has about 50 percent market share, electricity
has 25 percent. For homes built from 1974
through 1987, 70 percent use electric heat and
only about 14 percent gas. Since then, residen-
tial customer growth has outpaced household
formation considerably, indicating that gas is
now achieving a higher share of the heating
market in new residences.

Over 90 percent of the homes with gas
service are heated by gas. Only 75 percent of
the homes with gas have gas water heaters.
This provides a relatively significant growth op-
portunity since water heating is 50 percent of
the load in parts of the region. Growth in num-
bers of residential customers will be offset by
declines in consumption per customer; overall
consummption may be flat or decline slightly de-
pending primarily on the region's water heat-
ing programs.

The region is very supportive of the gas
heat pump since the region's warm weather
makes the electric heat pump a significant
competitor.

Region Five: Illinois, Indiana,
Michigan, Ohio, Wisconsin, and
Minnesota

Residential consumnption of natural gas is
the highest in the country in this region. Ap-
proximately one-fourth of the nation’s gas
heated homes are in this region, as well as the
largest stock of gas water heaters, ranges, and
clothes dryers. Natural gas is expected to

maintain a price advantage over other residen-
tial fuels for the foreseeable future.

Low population growth combined with in-
creased appliance efficiencies are the fore-
casts predicted for the years 1990-2010.
These trends will lead to the decrease in the
region's residential energy demand. Heating
appliance efficiencies and thermal integrities
of homes are expected to increase, lowering
the amount of energy required to heat build-
ings in the region. This predicted decline in
heating load is the major reason for the ex-
pected decline in residential gas use. Despite
these expected trends, natural gas’s expected
63 percent share of the total energy market in
2010 remains over twice as large as the pre-
dicted electric usage.

Region Five has a long heating season and
low gas prices, which allow gas furnaces to
easily beat electric systems even though the
electric systems are less expensive to install.
Gas prices are expected to remain below dis-
tillate throughout the forecasted period, which
will enable the gas systems to win in all cases.
Gas-fired systems are expected to remain the
space heating choice for the new housing units.

Region Six: Arkansas, Louisiana,
Oklahoma, Texas, and New Mexico

Residential gas consumption accounts for
just 8 percent of the region’s total gas con-
sumption. Historically, demand has been more
or less stable, with mild fluctuations caused by
changes in weather patterns. Residential gas
consumption per customer has been declining,
from 75 million BTU in 1985 to 66 million BTU in
1990. This drop is caused by variations in an-
nual degree days, the pace of energy conser-
vation, and gains in energy efficiency in house-
hold appliances.

Natural gas is the dominant fuel in space-
heating applications. Gas competes with
petroleum fuels in the residential space-heating
market and with electricity in space-heating,
water-heating, cooking, and clothes drying ap-
plications. Electricity is the primary alternative
fuel to natural gas in the residential market.

A major growth opportunity for gas in the
residential sector arises from the low life cycle
costs of space-heating using natural gas rela-
tive to those of electric space-heating. More
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aggressive marketing by LDCs should also in-
crease new gas-based installations. As a result,
natural gas is expected to maintain its share of
the residential space-heating market in the re-
gion, unless electric utilities heavily subsidize
heat pumps in conjunction with IRP/DSM pro-
grams. Choice of gas as space-heating fuel
greatly improves its chances of capturing the
water heating and cooking applications as well

Residential gas demand is projected to
continue to grow slowly, at an annual average
rate of 1 percent during the next decade. En-
ergy efficiency improvements continue at a
slower pace, and growth of residential housing
is also slower.

Natural gas will post small gains in market
share against electricity in single family
dwellings, but will continue to lose out to elec-
tricity in multi-farnily dwellings.

Region Seven: Iowa, Kansas,
Missouri, and Nebraska

Since 1981, residential gas demand in the
region has fluctuated between 290 billion cubic
feet and 354 billion cubic feet. The number of
occupied housing units using natural gas as
heating fuel has increased in Region Seven, the
average gas consumption per household has
fallen 11 percent since 1984, reflecting the
gains in energy efficiency.

Increases in residential gas demand, in
the future, will be primarily determined by the
rate of growth in the space-heating needs of
new single family homes. The number of gas-
heated homes (both single- and multi-farnily) is
expected to grow by one percent per year
through 2000. Efficiency gains in both new and
replacement equipment, as well as improve-
ments in the thermal integrity of homes, will
partly offset demand increases that would oc-
cur due to growth in the number of gas cus-
tomers.

Natural gas competes with petroleum
fuels in the residential space-heating market
and with electricity in space-heating, water-
heating, cooking, and clothes drying applica-
tions. While gas is the dominant fuel in space
heating applications, currently used by approx-
imately 97 percent of the region’s residential
customers, conversions from propane and oil
will provide some limited opportunities for
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growth. Life-cycle costs of space heating using
natural gas remain below those of electric.
Surveys suggest that home buyers prefer gas
heat, and builders should respond accordingly.
More aggressive marketing by LDCs should
also pay off in new installations. As a result,
natural gas is expected to maintain its share of
the residential space-heating market. Choice
of gas as space-heating fuel greatly improves
its chances of capturing the water-heating and
cooking applications.

For the next decade, the region’s residen-
tial gas demand is expected to rise at an aver-
age annual rate of 0.5 percent.

Region Eight: Colorado, Utah,
Wyoming, Montana, North Dakota,
and South Dakota

Natural gas is the dominant fuel in this re-
gion. Natural gas is the only real source for
space heating and domestic water heating.
The only remaining areas that natural gas can
increase market share within the space heating
and domestic water heating market segments

is to penetrate small towns and individual cus-

tomers in rural or remote areas of the states.
These types of extensions do not produce re-
turns to justify the investment.

Although additional penetration in the res-
idential space heating and water heating mar-
kets are probably not significant in Region
Eight, the underlying constraint that contributes
to thisloss of additional market share is service
extension policies. Service extension policies
vary from state to state in Region Eight. Some
are more restrictive while others are rather le-
nient. The overriding issue is the ability for
distribution companies to extend service to
customers and communities that are in remote
or rural areas. These extensions are generally
not economically feasible unless state regula-
tory commissions allow the utility to subsidize
the extension or to allow a surcharge to be ap-
plied to the customers’ bills within the exten-
sion area to provide the economic incentive to
extend service.

One segment of the market that natural
gas continues to face competition is in the
multi-farnily market. Due to building code re-
strictions and up front capital costs associated
with natural gas appliances and installation,
electricity is very competitive in multi-family



construction. To maintain and increase gas
consumption in this market segment, the gas
industry must focus on installation techniques
and on the development of technology and ap-
pliances that satisfy the specific requirements
of this market.

Region Nine: California, Arizona,
and Nevada

In terms of market share, natural gas's
dominance of the regions' residential market
has been deteriorating gradually since 1980
when gas provided about 71 percent of resi-
dential energy demand. On average, gas con-
sumption has fallen a half percent annually be-
tween 1980 and 1990 while electricity
increased at a rate of 3 percent per year. De-
spite gains made by electricity in the region’s
total energy consumption, natural gas contin-
ues to be the preferred energy source in the
residential sector for space and water heating
applications.

Increased emphasis on conservation mea-
sures and the passage of appliance efficiency
and building shell standards have decreased
the level of energy consumption by 13 percent
since 1980. Natural gas dominates the single
family market for space heating and water
heating where gas is available. In Northern
California, gas is less available, while the elec-
tric heat pump dominates in Phoenix and Las
Vegas, due to a moratorium on new gas hook-
ups in the late 1970s.

The multi-family market is difficult to pen-
etrate due to the high installed cost of individ-

ual metering, plumbing, and venting. As a re-
sult heat pumps capture a significant share of
the multi-famnily heating market.

In total, natural gas consumption in the
residential sector is projected to grow at
about 1 percent per year as penetration of the
new construction market is offset by conser-
vation within the existing residential market.
Gas should maintain or increase its market
share against the principal competition, elec-
tricity, for all four major end-use residential
applications.

Region Ten: Idaho, Washington,
and Oregon

Demand for electricity in the residential
sector accounts for more than half of the sec-
tor's total energy demand. Almost 7 percent of
the electrically heated homes in the country
are located in this region.

Much of the high electricity demand in
Region Ten is directly attributable to its low
cost. Regional electricity prices are currently
only 2.5 times greater than those of oil and gas,
while the average at the U.S. level is over 4.0.

The low electricity price allows electric
systems to compete in oil and natural gas's tra-
ditional residential stronghold, space heating.
Despite strength of electricity in the region, nat-
ural gas demand is expected to increase
slightly through 2010. The stock of natural gas
heated homes is expected to grow over the
forecast period as it wins most of the nonelec-
tric heating share.
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Commercial gas consumption refers to
gas consumed in commercial buildings, such
as office buildings, stores, schools, assembly
buildings, warehouses, hospitals, restaurants,
laundries, hotels, etc. Table 3-1 summarizes
commercial gas consumption, based on infor-
mation obtained from the Energy Administra-
tion's Commercial Buildings Energ{r Consump-
tion and Expenditures 1989. Energy
consumption by the commercial sector is
space driven; the Standard Industrial Classifi-
cation (SIC) code of the occupant of commer-
cial space is frequently irrelevant in terms of
determining energy use. Rather, the building
type (restaurant, hospital, hotel, laundry) and
utilization of the space—hours of operation,
building temperatures and air changes, type of
office or other equipment, type of heating,
ventilating, and air conditioning (HVAC) sys-
tem—are the primary drivers of commercial
sector energy consumption. These drivers
may vary by type of commercial activity, for
example restaurant and hospital needs. There
are a variety of commercial building types: of-
fice buildings, food service, lodging, mercan-
tile, warehouse, etc. Gas consumption in older
commercial buildings is typically for space
conditioning provided by central boilers and
furnaces for heating and hot water. Relatively
little growth in this sector is expected from
conventional space and water heating. The

level of gas consumption in newer buildings’

1 Energy Information Administration, Commercial
Buildings Energy Consumption and Expenditures 1989,
DOE/EIA-0318(89).

tends to be much lower, and in many cases the
space conditioning energy is provided by a
different fuel. Other commercial sector uses
include laundries, cooking in the restaurant
sector, and other types of process related en-
ergy needs. As is the case with the residential
sector, the commercial sector is subject to
substantial conservation. Figure 3-1 depicts
historical gas consumption on an actual and
weather-normalized basis. Table 3-2 summa-
rizes natural gas forecasts in terms of con-
sumption and price for the commercial sector.
Energy consumption as outlined is generally
projected as slightly increasing. Figures 3-2
and 3-3 graphically depict commercial gas de-
mand and price projections.

Relatively little growth in this sector is ex-
pected from conventional space and water
heating; a reduced expansion of commercial
space, coupled with continued conservation,
should make this type of natural gas demand
essentially flat Also, due to the large lighting
loads, computer equipment requirements, and
presence of personnel, space heating require-
ments tend to be minimal Similarly, there is
not a large demand for water heating due to
the nature of office building requirements.
Thus, any projected growth in commercial de-
mand will probably have to come from contin-
ued expansion of energy intensive commercial
buildings such as restaurants, laundries, hotels,
and hospitals, particularly due to their high de-
mand for hot water and commercial gas cool-
ing options, as well as the development of small
scale cogeneration and fuel cells. Natural gas
vehicles (NGVs) in the fleet market will also be
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TABLE 3-1

NET ENERGY CONSUMPTION IN COMMERCIAL BUILDINGS
BY PRINCIPAL BUILDING ACTIVITY

Total net Total Gross
Energy Floor- Energy

Principal Consump- space Intensity
Building tion(Trillion (Million (Thousand
Activity BTU) sq.ft.) BTU/sq.ft.)
All Buildings 5,788 63,183 91.6
Assembly 441 6,909 63.8
Education 704 8,076 87.2
Food Sales 139 792 175.6
Food Service 255 1,167 2184
Health Care 449 2,054 2185
Laboratory* 293 919 319.2
Lodging 425 3,476 122.3
Mercantile
and Service 1,048 12,365 84.8
Office 1,230 11,802 104.2
Parking
Garage 42 983 42.6
Public Order
and Safety 78 616 127.0
Warehouse 535 9,263 57.8
Other 50 610 82.7
Vacantt 98 4,161 23.5

Because of rounding, data may not sum to totals.

Gross
Intensity per
Hour of
Operation
(BTU/(sq.
ft.*hr))
23.1
19.6
25.9
31.5
41.7
29.4
79.0

14.3

22.4
29.5

7.1

19.1
16.9
16.3
11.0

Consumption
per Worker
(Million BTU)

81.9
109.7

97.8
164.7
131.2
106.3
198.7
137.6

84.4
443

126.1

91.0
122.4
79.4
66.5

* In the Detailed Tables section, laboratory is included in the category of “other” buildings.
t Buildings in which more that 50 percent of the floorspace was vacant.

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-871A
through F of the 1989 Commercial Buildings Energy Consumption Survey, Tables 11, 13, and B18.
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Figure 3-1. National Commercial Consumption per Customer.
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TABLE 3-2

COMMERCIAL GAS DEMAND AND PRICE PROJECTIONS
(Quadrillion BTUs and 1990 Dollars per MCF, Delivered)

1990 1995 2000 2010
Demand Price Demand Price Demand Pricer Demand Price
2.62 $5.01 2.82 $4.75 3.17 $5.16 4.07 $6.01

2.62 $5.01 2.94 $633 3.05 $6.05 3.19 $8.06
2.62 $5.01 3.00 $498 3.30 $6.54  3.90 $6.90

2.62 $5.01 2.88 $488 2.96 $5.94 3.50 $6.17
2.62 $5.01 2.87 $452  2.87 $5.56 3.14 $5.92

SOURCES: AGA: American Gas Association, TERA Basé Case 1992.

EIA: Energy Information Administration, Annual Energy Outlook 1992.

GRI: Gas Research Institute, GAI Baseline Projection of U.S. Energy Supply and Demand,
1992 Edition (August 1991).

NPC: National Petroleum Council.
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important; this issue is addressed in Chapter
Six (Natural Gas Vehicles).

COMMERCIAL: AN OVERVIEW

Characteristics

According to the Department of Energy,
there are 4.2 million commercial buildings in
the United States, containing 58.2 billion
square feet. On a total floor space basis, the
largest percentage of the commercial building
sector is comprised of Mercantile and Service
facilities constituting nearly 13 billion square
feet (22 percent), office buildings representing
9.5 billion square feet (16.4 percent), and non-
refrigerated warehouses representing 8.5 bil-
lion square feet (14.6 percent). Assembly and
education buildings each represent 7.3 billion
square feet (12.6 percent).2

Cooling Usage

For space cooling, electricity has a 95
percent market share. Conversely, cooling with
natural gas has only a 5 percent market share
with 141,000 buildings being served with a to-
tal floor space of 2.9 billion square feet. Across
the 1986 commercial buildings population as a
whole, natural gas was used (primarily for
heating) in 2.3 million buildings representing

The primary cooling systems used in
commercial buildings are as follows: 37 per-
cent of cooled commercial buildings use cen-
tral cooling systems; 31 percent are individual
air conditioners; 24 percent use packaged air
conditioning units; while 10 percent use air
source heat pumps. Further analyses showed
15 percent of the buildings cooled utilize duct
forced air distribution systems, while only 11
percent use fan coiled units. 4

Any increase in commercial sector de-
mand growth is projected to come from com-
mercial gas air conditioning or increased mar-
ket share. Nationally, natural gas has a 36
percent share of overall commercial energy
use, as shown in Figure 3-4. Significant devel-
opments, such as the possible full scale com-
mercialization of commercial gas air condition-
ing, or significant use of fuel cells are the only
areas where gas demand can achieve major
growth potential. See Appendix G for detailed
information on commercial gas cooling tech-
nology.

2 American Gas Association; Policy & Analysis Is-
sues, Issue Brief 1991-5, “Advances of Natural Gas Cool-
ing in the Commercial Sector: Equipment, Economics &
Environment," Feb. 26, 1991.

= i 3 Ibid.
55 percent of the buildings and 66 percent of 3
the floor space.3 4 Ipid.
36.0%
Natural Gas =
2.1 QBTU
. A\ 10.0%
6.0%- .- b ) Steam and Hot Water =
Fuel Oil = e — 6 QBTU
.4QBTU [\ llllllllf; =)
48.0%
Electricity =
28 QBTU

SOURCE: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-871A through F
of the 1989 Commercial Buildings Energy Consumption Survey, Table 11.

Figure 3-4. Net Energy Consumption in the Commercial Sector by
Major Energy Sources, 1989.
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Gas Heating Obstacles

The use of central systems with boilers in
new high rise office buildings is becoming rare
since space heating requirements in these
buildings are minirnal due to the large lighting
and computer equipment needs. This, cou-
pled with the presence of employees, actually
results in cooling requirements even in the win-
ter months. Domestic hot water requirements
are also quite low. As mentioned, size is a key
factor here; there is, however, limited potential
for space heating in smaller buildings.

Hirst cost for installing boilers, piping, and
flue stacks is considerably higher for gas heat-
ing than installing direct electric heaters; there-
fore, architects and engineers, as well as prop-
erty/building owners, tend to choose the
electric systems. An increase in gas demand
in high rise office buildings in the future will re-
volve around penetration of new, high efficient,
double effect gas absorption air conditioning
installations.

Commercial Cogeneration

Small-scale commercial cogeneration sys-
tems (and eventually fuel-cells) are another op-
tion that can, under certain circumstances, help
a commercial building reduce its electric de-
mand and associated costs, resulting in in-
creased gas demand. In order for a commer-
cial building to have cogeneration, the building
does need to be of a type that has a significant
usage of hot water and either a storage tank or
fairly continuous hot water usage. Hospitals,
hotels, apartments, dormitories, and industrial
or process facilities generally meet this criteria.
Whether or not cogeneration is economically
feasible at a particular site depends on a num-
ber of factors including relative gas and elec-
tric rates, load profiles, and hours of operation.
Areas with high summer/winter differentials
may make it feasible to operate in the summer
but not in the winter. If there is only summer
usage, the abbreviated operating period will
reduce the economic benefits of the machine,
but will provide an attractive, load leveling, high
summer demand for gas.

High Rise versus Low Rise Market

Until the mid 1960s, office buildings and
other types of high rise space were typically
heated with central boilers, fired with oil or
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natural gas. The fragmentation of commercial
space among multiple tenants in high rises,
coupled with rising energy prices and the de-
sire to assign cost responsibility to end users,
has resulted in floor specific HVAC and heat-
ing systems in many cases. The technology
for floor-by-floor HVAC systems has been
largely electric. With the demise of high rise
central systems, the use of gas fired boilers
generally went out of style. Accordingly, natu-
ral gas is used fairly infrequently for heating in
buildings in excess of five stories, due to
HVAC system selection and end-use load. In
many high rise buildings, natural gas has been
largely limited to the first few floors, for restau-
rant and similar uses.

In contrast, natural gas appears to have a
major share of the low rise business, i.e.,
restaurants, laundries, hospitals, warehouses,
etc. These types of buildings have definite hot
water, cooking, heating, and other needs. The
HVAC systems associated with gas consump-
tion are appropriate and suitable. Figure 3-4,
from an EIA report, shows that some fuel oil is
still used in commercial buildings, probably in
older central boilers; this 6 percent of the com-
mercial load would be a potential for conver-
sion. In addition, steam accounts for 10 per-
cent of commercial consumption. In a few
cities there is a district heating, central steam
system providing energy to buildings. Al-
though one could assume that such energy
consumption would be a possibility for conver-
sion, it appears that in many cases the central
steam system is fueled by natural gas. Central
steam systems were in many cases originally
fueled by coal; with the advent of increased en-
vironmental awareness conversions to oil and
in some cases, to natural gas occurred. Ac-
cordingly, there appears to be limited potential
for additional gas consumption except for the
possible installations of steam absorption air
conditioning equipment to replace existing
electric machines.

FACTORS THAT DRIVE COMMER-
CIAL GAS DEMAND—OPPORTU-
NITIES FOR COMMERCIAL GAS
AIR CONDITIONING

Historical Cooling Characteristics

Total installed commercial air conditioning
in the US. is approximately 116 million tons. As



mentioned earlier, natural gas currently serves
approximately 5 percent of this commercial air
conditioning market. This computes to nearly 6
million tons of gas air conditioning, believed to
be largely single effect air conditioning. It is es-
timated that over 5§ million tons of commercial
air conditioning is added or replaced every
year. As an example of gas consumption, a 500
ton gas absorption cooling unit consumes ap-
proximately 12,000 thousand cubic feet (MCF)
per year in the South and Southwest and 9,000
MCEF per year in other regions. A 150 ton gas-
engine chiller consumes approximately 2,600
MCEF per year in the South and 1,900 MCF per
year in other regions.5 Figure 3-5 shows 1990
air conditioning installations by type of building
structure. Central systems are usually used in
hospitals, schools, and other facilities. Office
buildings frequently use floor-by-floor units.

Tables 3-3, 3-4, 3-5, and 3-6 present infor-
mation on 1989 and 1990 commercial gas cool-
ing installations. '

Future Opportunities—

Gas Absorption Systems

The major opportunity for additional gas
consumption in the commercial sector appears

5 Ibid.

to be in commercial gas air conditioning. The
development of double effect absorption
equipment provides an opportunity for in-
creased gas penetration of the commercial air
conditioning market. Commercial gas air con-
ditioning is still in the product introduction
phase. First cost of the equipment is signifi-
cantly higher than for the comparable electric
equipment on a per ton basis. Installation cost
is also significantly higher. However, in many
regions gas absorption air conditioning does
enjoy an overall life-cycle cost advantage, and
increased penetration of gas cooling equip-
ment is expected.

Benefits versus Costs

In spite of the higher first costs of the
equipment and installation, commercial gas air
conditioning is competitive in a number of lo-
cations on a life-cycle cost basis. It is expected
that both types of costs should decline signifi-
cantly as the equipment is introduced to the
market. In addition, there may be substantial
benefits to the electric utility in the substitution
of gas air conditioning capacity for electric air
conditioning capacity. At this time a number of
combination gas/electric companies are offer-
ing cash incentives for gas air conditioning; this
helps to keep overall costs down. The substitu-
tion of gas A/C for electric should be pursued

Multi-Family
1.9%

. Schools
8.5%

A Hospitals

\ 19.1%

SOURCE:
Gas Cooling Survey,” Oct. 1991.

American Gas Association, Planning & Analysis Issues, Issue Brief 1991-16, “1990 Commercial

Figure 3-5. Air Conditioning Installations by Type of Building Structure.
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TABLE 3-3

INSTALLATIONS OF COMMERCIAL GAS COOLING,
1989 & 1990 BY CENSUS DIVISION*

1990 1989
Average Average
Tonnage Tonnage
Newly per Newly per

Census Installed Install- Install- Installed Install- Install-
DivisionT Tonnage ations ation Tonnage ations ation
New England 3,816 36 106 3,995 43 93
Middle Atlantic 5,650 17 332 5,559 14 397
South Atlantic 1,075 21 51 470 15 31
East North

Central 14,013 44 318 4,597 28 164
West North

Central 6,780 6 1,130 1,250 1 1,250
East South

Central 30 1 30 0 0 0
West South

Central 330 2 165 1,670 3 557
Mountain 100 1 100 815 4 204
Pacific 8,539 27 316 3,285 28 117

U.S. Total 40,333 155 260 21,641 136 159

* Census division breakouts do not correspond exactly to the NPC Regional Task Groups. Since we are
comparing trends, inconsistencies in conclusions should not appear. See Appendix F for a comparison.

1 Some division averages reflect only limited installations.

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1991-16, “1990 Commercial
Cooling Survey,” Oct. 28, 1991.

by local distribution companies as an attractive
integrated resource planning (IRP) option. See
Appendix C for further discussion of IRP.

Equipment Paybacks and
Incentives

Tables 3-7, 3-8, and 3-9 present informa-
tion on equipment costs and performance, and
equipment paybacks. The payback for the in-
cremental cost of gas equipment nationally av-
erages in excess of three years. Building de-
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velopers/owners/operators typically have a
high discount rate. To many, a three year pay-
back may be too long (though some distribu-
tion companies report that for reasons beyond
straight economics, paybacks as long as five
years are acceptable to some customers).
When the payback exceeds an acceptable
level, it then behooves the distribution com-
pany to offer equipment and rate incentives to
encourage the installation of gas equipment. It
is expected that increased use of gas cooling
equipment will over time result in a decrease in



TABLE 3-4
1990 INSTALLATIONS BY EQUIPMENT TYPE

Total Newly Number

Installed of New Percent of

Average Cooling Instal- Total New

Equipment Type cop* Tonnage lations Tonnage
Direct-fired t 1.0 14,260 87 35.4
Steam-fired 1 0.9 8,895 8 22.5
Absorption 0.7 10,968 25 27.2
Engine Driven 14 2,790 20 6.9
Desiccant 1.0 175 5 0.4
Other 1.1 3,245 10 8.0
Total 40,333 155 100.0

* Coefficient of performance.
t Separate breakout of absorption systems (particularly double-effect systems).

t Absorption systems not classified as direct-fired or steam-fired equipment (particularly
single-effect systems).

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1991-16, “1990
Commercial Cooling Survey,” Oct. 28, 1991.

TABLE 3-5
REPLACEMENT INSTALLATIONS FOR 1990 & 1989
1990 1989

Percent of , Percent of
Instal- Total Instal- Total
Tonnage lations Tonnage Tonnage lations Tonnage

From Electric

Systems 6,314 47 43% 3,705 33 68
FromGas -

Systems 8,462 31 57% 1,752 37 32
Total 14,776 78 100% 5,457 70 100

SOURCE: American Gas Association, Policy & Analysis Issues, Issue Brief 1991-16, “1990 Commercial
Cooling Survey,” Oct. 28, 1991.




TABLE 3-6
SYSTEMS REPLACED IN 1990

Replace-

Replace- ment
System ment Instal-
Replaced Tonnage lations
Centrifugal 5,114 35
Reciprocating 925 14
Direct-fired 142 24
Steam-fired 5,945 7
Waste Heat 0 0
Thermal o 0

Storage

Other 320 10
Total 8,207 65

SOURCE: American Gas Association, Policy
& Analysis Issues, Issue Brief 1991-16, “1990
Commercial Cooling Survey,” Oct. 28, 1991.

cost of this equipment, eliminating the need for
such subsidies.

Future Outlook

It is difficult to project how much addi-
tional gas air conditioning can be installed on a
yearly basis, but penetration will continue to
improve as there is the achievement of
economies of scale and market acceptance.
Market acceptance may come about for a num-
ber of reasons:

* First costs of purchase and installation are
coming down.

» As part of IRP efforts some utilities are
considering gas equipment as an alterna-
tive to electric equipment. This permits
the achievement of economies due to the
decreased need for new electric generat-
ing capacity.

» Gas cooling is perceived to be environ-
mentally acceptable: desiccant dehumidi-
fication, for example, does not use CFCs.
Gas engine driven chillers do use CFCs,
the same type used by new electric
chillers.

» Restrictions on CFCs.
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Environmental Issueé

Commercial gas air conditioning is going
through a resurgence of interest due to a vari-
ety of environmental and economic factors. For
example, the 1990 Clean Air Act Amendments
includes the following regulations:

» Over the next two years, a phase-out of
CFCs will occur. Two US. air conditioning
manufacturers will not ship any chillers us-
ingR-11 after January 1993. .

* Dupont—the largest manufacturer of
CFCs—will stop producing R-11 and R-12
in 1994.

¢ The manufacture of CFCs will be banned
by 1995.

 HCFCs, which have only 2-5% of the
ozone depleting potential of CFC-11 and
12, will be phased out by 2020.

Non-CFC refrigerants are being devel-
oped, but their use in existing chillers may re-
quire some modification to existing systems.

~ Also, manufacturers have developed new

chillers that can use either CFC or non-CFC re-
frigerants. Gas cooling equipment such as
those using water as the refrigerant in a lithiurn
bromide solution, also provides building own-
ers with non-CFC alternatives.

The new double-effect gas chillers have
become commonplace because they are twice
as efficient as the single-effect version. Al-
though they are more expensive than their
electric counterparts, double-effect gas
chillers’ operating costs are considerably less
than an electric machine, particularly in areas
with high electric demand charges.  The signif-
icant demand savings on the electric bill have
also meant that rebates under LCP/DSM pro-
grams have brought the first cost more in line
with electric machines.

In terms of the clean air issue, natural gas
may or may not have advantages over its elec-
tric counterparts. Depending on electric utility
fuel mix and marginal fuel, gas at 80 plus per-
cent efficiency may produce less pollution than
its electric counterparts. There is however a
downside of gas equipment in that what little
air pollution that is produced occurs at the site,
whereas the electric pollution occurs at a gen-
erating plant that may be miles outside of an
urban area and thus may have little direct effect



Equipment Type
Absorption Chillers (double-effect)

D/X Roof Top

Gas Engine-Driven Chillers

with heat recovery

with heat recovery
Desiccant/Dehumidifier

range up to 20 percent higher.

February 1991.

TABLE 3-7
ESTIMATED PERFORMANCE AND EQUIPMENT COSTS

cop* Equipment Costt

095  $900-$1,300/ton - 20-50 tons

* COP = Cosfficient of performance at full load. Part-load efficiencies for certain equipment can

1 End-user cost; installation cost estimates are 20% to 100% of equipment cost.
* Based on the higher heating value (HHV) of the fuel.

SOURCE: American Gas Association Survey of 10 gas cooling equipment manufacturers,

1.0 $720-$1,000/ton - 60-100 tons
1.0 $375-$700/ton - 100-300 tons
1.0%  $400-$500/ton - 300-500 tons
1.0%  $350-$400/ton - 1,000-1,500 tons

0.77 $1,170/ton - 15 tons
N/A $780/ton - 25 tons

1.5 $500-$600/ton - 150 tons

19 $600-$800/ton - 150 tons

19 $450-$600/ton - 230-460 tons
14 $800-$850/ton - 30 tons

14 $530-$560/ton - 300 tons

1.8 $560-$660/ton - 300 tons

1.5 $700-$1,300/ton - 40 tons
0.7 $900-$1,100/ton - 60-80 tons

on the air quality of the area they serve. As
such, although gas equipment may be better
from a global environmental perspective, elec-
tric equipment is sometimes preferred (i.e.
gas-fired equipment restricted) in urban areas
where they are not in attainment of established
air quality standards.

CONCLUSIONS

Increased gas demand in the commercial
sector is likely from increased penetration of
gas air conditioning and the installation of co-
generation or fuel cell systems. No major
change in commercial sector gas consumption
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SOURCE: Edison Electric Institute.

TABLE 3-8
ELECTRIC COOLING EQUIPMENT COST

Electric Cooling Equipment Type Cost Range ($/ton)
High Efficiency Packaged Unit
(up to 100 tons) $475 to $775/ton
High Efficiency Air Source Heat Pump
1to 3 tons $880 to $950/ton
5to 30 tons $500 to $725/ton
High Efficiency Water Source Heat Pump
(up to 20 tons) $275 to $525/ton
Air Cooled Reciprocating Chiller
20 to 40 tons $325 to $525/ton
50 to 75 tons $325 to $400/ton
100 to 150 tons $275 to $375/ton
150 to 200 tons $225 to $350/ton
Water Cooled Reciprocating Chiller
5to 50 tons $375 to $575/ton
75 to 150 tons $225 to $375/ton
150 to 300 tons $200 to $325/ton
Average Efficiency Centrifugal Chiller
70to 100 tons $475 to $565/ton
150 to 300 tons $250 to $300/ton
300 to 900 tons $150 to $250/ton
900 to 1000 tons $125 to $225/ton
High Efficiency New Centrifugal Chiller
w/V8D
300 to 900 tons $175 to $275/ton

is foreseen from traditional commercial gas use
applications (space and water heating). Natu-
ral gas has a major challenge in penetrating the
high rise market; there does not appear to be
any major solution on the horizon in the short
run. However, natural gas has a major share of
the low rise market; some improvement is pos-
sible—as is the case in the residential sector.
In some cases, natural gas increases its market
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share by substituting for No. 2 or No. 6 oil in of-
fice buildings. Natural gas also has some op-
portunities in the NGV market, specifically with
fleets (see Chapter Six for further discussion of
NGVs).

There have been major advances in new
gas chillers, but the equipment is still in the
product introduction stage. Increased market-
ing efforts and the use of incentives is needed



Absorption Chiller (300,000 sq. ft.
office building)

Tonnaget
Incremental cost ($/ton)
Payback (years)

Desiccant Dehumidification
(50,000 sq. ft. supermarket)

Tonnage?

Incremental cost ($/ton)

Payback (years)

Engine-Driven Chiller (50,000 sq. ft.
office building)

Tonnage 1

Incremental cost ($/ton)

Payback (years)

by as much as 1.2 years.

in Chicago. No credit for heating mode.

economics are site- and code-specific.

February 1991.

TABLE 3-9
GAS EQUIPMENT PAYBACKS*

* When rebates offered to purchasers of gas equipment of $100/ton are included, paybacks drop
t Hybrid systems with 29 percent gas in Phoenix, 62 percent gas in Atlanta and 100 percent gas

: Compared to an electric reciprocating system.

§ The paybacks take credit for reducing air flow by 50 percent. This is not possible in a city like
Chicago due to code restrictions. Thus, about 70 percent of the savings attributable to the system,
which come about as the result of reduced fan horsepower, are not available in Chicago. This also
means that the Chicago supermarket cannot take credit for reduced first cost with regard to smaller
duct work. Simple payback in Chicago is over five years. Generally, gas desiccant system

1 Compared to an electric centrifugal system.

SOURCE: American Gas Association Survey of 10 gas cooling equipment manufacturers,

Atlanta Chicago Phoenix
400 600 200
227 185 245

5.4 4.0 5.4

30 § 30
670 § 670
0.8 § 1.4
150 150 150
330 330 330
3.2 39 2.9

to spur market penetration. In the case of co-
generation, the commercial sector has seen
the introduction of some packaged cogenera-
tion, generally in the neighborhood of 30-150
kilowatts of capacity per installation. The
small scale cogeneration market is likely to
grow rapidly as new equipment (e.g., small
turbines and fuel cells) are introduced and ac-
cepted by the market. Eventually, small scale

cogeneration will have broad applicability
throughout the commercial sector. Today,
schools and hospitals have applied this tech-
nology on a significant scale. The equipment
is generally of interest to commercial build-
ings with a large hot water need, e.g. apart-
ments or hospitals. Fuel cells, the next gener-
ation of cogeneration systems, are just
beginning their commercialization phase.

53



Their high efficiency and environmentally be-
nign attributes could make them an attractive
application in the commercial market.

THE REGIONS

The regional reports are briefly summa-
rized below. In general, a slight increase in
commercial gas consumption is projected.
Due to substantial conservation efforts and effi-
ciency improvements (e.g. double-effect versus
single-effect cooling equipment) the projected
increase is minimal.

The areas of increase vary by region, but
overall environmental (1990 Clean Air Act
Amendments) impacts will be favorable toward
increased gas consumption. Relatively little
growth is anticipated from conventional space
or water heating. The growth sectors are in the
areas of Natural Gas Vehicles and Gas Cooling.
Cogeneration is also an area of increasing im-
portance. Gas IRP programs will also work to-
wards increased commercial consumption.

Region One: Connecticut, Maine,
Massachusetts, New Hampshire,
Rhode Island, and Vermont

As in the residential sector, commercial
sector use in New England is also primarily
firm year-round load, with roughly 85 percent
of all commercial sector consumption on a firm
basis. Commercial consumption increased
from 87.7 trillion BTU in 1990 to 95.3 trillion
BTU in 1990, and accounted for 22.3 percent of
total regional natural gas consumption in 1990.
Within the commercial sector, the major users
of gas include Real Estate (apartments),
Restaurants, Retail Trade, Health Services and
Hospitals, and Schools. Interestingly, only
Health Services and Hospitals consumed more
gas on an interruptible basis than on a firm ba-
sis in 1988. :

According to the Energy Information Ad-
ministration’s State Energy Data Report Con-
sumption Estimates 1960-1990, of the 95.3 tril-
lion BTU of energy consumed by the
commercial sector in 1990, 25.5 percent was
produced by natural gas, 35.9 percent by elec-
tricity, 20.7 percent by distillate oil, 15.3 per-
cent by residual oil, 2.2 percent by other
petroleum, and 0.5 percent by coal. While av-

erage growth in total commercial consumption -
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in Region One was 1.7 percent per year from
1980 to 1990, average annual growth in natural
gas use was only 0.8 percent. Therefore, over
the past decade, the market share of natural
gas in New England’s commercial sector has
declined while the market shares of electricity,
residual oil, and other petroleum have in-
creased.

In comparison, 1990 U.S. commercial sec-
tor energy consumption was almost equally
represented by natural gas and electricity, with
41.6 percent and 43.2 percent of the fuel mix,
respectively. Additionally, distillate and residual
oil combined accounted for only 11.0 percent
of U.S. commercial consumption compared
with 36.0 percent in Region One. The growth
rates in usage of each fuel over the past
decade was fairly similar to that of New Eng-
land, although residual oil consumption de-
clined at an average annual rate of 8.1 percent
in the United States compared with an average
annualincrease of 1.9 percent in New England.

With only 25.5 percent of commercial sec-
tor consumnption, natural gas could potentially
increase its market share to a level similar to
the United States as a whole. New natural gas
technologies aimed specifically at the commer-
cial sector may aid in achieving some of this
potential over the next decade. Natural gas-
fired air conditioners, especially for large com-
mercial applications, are well developed at the
present time. The major constraints to achiev-
ing market potential for gas cooling technolo-
gies are high initial costs and lack of funds for
market introduction. The natural gas-powered
fuel cell is another technology with potential
applications in the commercial sector since the
ideal market for fuel cells are cogeneration
candidates that have large continuous electric
and thermal loads. These candidates include
hospitals, nursing homes, and computer inten-
sive commercial properties.

Region Two: New York and
New Jersey

The average annual growth rate for natural
gas in the commercial sector, for 1990-2010, is
estimated at 2.18 percent. The commercial
sector market share increased from 22 percent
to 40 percent in the past 2 decades. This
seems to be due mainly to the dramatic de-
crease in the use of residual and distillate oil



“and other petroleum products from nearly 60
percent to 25 percent. Natural gas has gained
market share in the commercial sector by a
substantial portion, even greater than the gain
in the residential sector. It is expected that re-
cent environmental mandates will contribute to
a continuing market share increase.

Regidn Three: Delaware, Pennsyl-
vania, Maryland, Virginia, West
Virginia, and District of Columbia

Expected trends in gas share in the com-
mercial market include:

* Region Three expects the gas portion of
the commercial sector to continue to grow
as the costs of electricity increase due to
Clean Air Act compliance.

» Gas consumption per commercial unit is
expected to decline, but total commercial
consumption is projected to increase on a
slight to moderate basis.

* As electric utilities take advantage of De-
mand Side Management opportunities,
the add-on heat pump will become a
stronger competitor for the commercial
space heating market.

» Commercial office space continues to be
designed with high lighting levels.

Opportunities exist in the areas of space
heating, water heating, air conditioning, power
generation, and compressed natural gas vehi-
cles. Constraints to taking advantage of these
opportunities include National Appliance En-
ergy Conservation Act (NAECA) pressure to
develop new equipment, resulting in fewer
competitive pieces; regulatory lag time be-
tween investment and rate base realization; re-
strictive building codes and slow acceptance of
new technologies; lack of rate recovery of mar-
keting expenses; and pipeline capacity and re-
strictive government regulations for expanding
capacity.

Region Four: Alabama, Florida,
Georgia, Kentucky, Mississippi,
North Carolina, South Carolina,
and Tennessee

Commercial energy use is influenced pri-

marily by weather and demographics. Over
the past ten years, the gross state product con-

tribution of the commercial sectors grew two to
three times faster than the population. Highest
growth was in wholesale trade, with services a
close second. Though the gas customer base
has grown considerably, conservation has off-
set this customer growth up until the past five

years.

Overall, commercial gas consumption
growth is expected to be modest because of
continued conservation. However, gas cooling
holds a great deal of potential for load growth,
particularly in the southernmost areas of the re-
gion. As a result, distribution companies have
established gas cooling departments and have
greatly enhanced their level of expertise over
the past few years. Cogeneration is also being
marketed heavily and there is a high level of in-
terest in the fuel cell.

Region Five: Illinois, Indiana,
Michigan, Ohio, Wisconsin, and
Minnesota

The demand for natural gas in the com-
mercial sector is higher in Region Five than in
any other part of the nation. The reasons for
this are basically the same as in the residential
sector: large population, cold winters, and low
gas prices. Projected increases in natural gas
and oil prices, as well as a projection for a de-
crease in commercial electricity prices, will
make electricity more competitive in the space
heating market. This is extremely important
because space heating is the largest end use in
the commercial sector.

Commercial electricity prices in the re-
gion are expected to fall through 2000. After
the year 2000, prices for all fuels are expected
to rise, but the increases will be steeper for the
fossil fuels. This outcome will more than likely
enhance electricity’s relative price position and
allow electricity to capture heating market
share from oil and natural gas.

Gas-fired space-conditioning systems are
currently the norm for new commercial build-
ings, but there is movement in the direction of
electric technologies. Increased efficiency of
both buildings and systems leads to lower
heating loads, which shifts some of the total
cost burden from fuel costs to capital costs.
Electric furnaces are the lowest cost systems to
install and thus will gain share in the construc-
tion market.
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Region Six: Arkansas, Louisiana,
Oklahoma, Texas, and New Mexico

Commercial demand in Region Six ac-
counts for over § percent of total energy con-
sumption, and natural gas supplies 38 percent
of the sector’s needs. Electricity is the domi-
nant fuel in this market, averaging 45 percent.
Energy efficiency in this sector is expected to
improve as the fuel consumption per square
foot of floor space declines by roughly one-half
percent per year.

Nearly all of the petroleum consumption in
the commercial sector is devoted to space
heating requirements. Due to the slow turnover
of the commercial building stock, natural gas is
not likely to penetrate the existing oil-heated
building market rapidly. In the long run, gas
will benefit from replacement of existing equip-
ment. Natural gas should become more attrac-
tive relative to distillate fuel oil in space heating
applications, because of its clean-burning
properties, lower costs of operation, and lack of
storage requirement.

This region expects the demand for co-
generation and fuel cells to increase, as the eco-
nomics improve and seasonal pricing is empha-
sized to reflect marginal supply costs. Also, the
demand for space cooling in commercial appli-
cations is expected to grow, with the advent of
new technologies like packaged cogeneration
systems, heat pumps, and engine-driven
chillers. Gas cooling and/or combined cooling
and heating technologies are likely to account
for a great share of the increase in commercial
gas consumption.

Overall, commercial demand for natural
gas is projected to increase 1.1 percent annu-
ally through the year 2000.

Region Seven: Iowa, Kansas,
Missouri, and Nebraska

Commercial consumption accounts for 24
percent of total natural gas consumption in this
region, and is expected to grow at an annual
rate of 3 percent over the next 10 years. Com-
mercial gas consumption is largely a function of
general economic conditions and the changes
in the growth of commercial square footage.

Gas cogeneration is a potential market,
but not substantial until the economics improve.
The biggest potential commercial application
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expected by this region is in gas consumption
by vehicles, due to amendments to the Clean
Air Act Amendments of 1990 and increasing
national concern over the environment.

The federal government will also establish
a much broader program promoting clean
fuels in 22 urban areas across the country. Un-
der this program, which begins in the late
1990s and covers 31 percent of the total fleet
vehicles, fleets of 10 or more vehicles capable
of central refueling will be required to purchase
an increasing percentage of ‘‘clean fuel” vehi-
cles. While federal laws are not directly affect-
ing alternative vehicles in the Midwest, the
general environmental concern nationally and
the interest in developing pilot programs to test
the technical/economic viability of alternative
vehicles have indirectly impacted the Midwest.

Region Eight: Colorado, Utah,
Wyoming, Montana, North Dakota,
and South Dakota

The commercial market in this region is
characterized by high saturation for space
heating, minimal competition from other en-
ergy sources and minirnurmn number of markets
that do not have natural gas as an option. The
regional industry needs to focus on a strategy
to maintain and increase market share, while
minimizing competition from other energy
sources.

Opportunities exist in gas cooling, small
cogeneration units, and electric integrated re-
source planning as a result of Demand Side
Management programs. These programs pro-
vide a significant opportunity for natural gas to
increase its market share in this sector. In de-
veloping incremental sales through DSM pro-
grams and the additional gas cooling, the key
drivers are to develop equipment that can be
installed at a competitive rate with electric
equipment. There is also a great need to con-
vince builders and the ultimate building own-
ers of the long-term economic benefits of natu-
ral gas.

Region Nine: California, Arizona,
and Nevada
During the base period (1988-1990),

commercial energy demand in Region Nine in-
creased at an average 1.6 percent per year. In



1990 total energy demand was over 700 trillion
BTU, representing about 5 percent of the re-
gion's primary energy usage. Natural gas cap-
tured 43 percent of the commercial market
share.

Energy conservation efforts and techno-
logical advances in electricity applications
have contributed to a slowly declining market
share in the past decade. Technological ad-
vances in gas applications are slow to develop,
due to minimal R&D efforts, and have been
sometimes economically unattractive once de-
veloped as a result of first cost disadvantage.
However, many companies in Region Nine are
offering financial incentives for new gas tech-
nologies, such as gas cooling equipment, to
offset the initial costs.

The major commercial sector end uses
include space conditioning (heating and cool-
ing), water heating, cooking, and process
drying.

Between 1988 and 1990, commercial co-
generation increased from 20 to 25 percent of
the total cogeneration load in Region Nine.
Hospitals were the single largest commercial
cogeneration segment accounting for 26 per-
cent of commercial cogeneration gas use.

Commercial penetration of the fuel cell
has begun in Region Nine with the installation

of ten 200-kilowatt molten-carbonate fuel cell
units in commercial applications.

Region Ten: Idaho, Washington,
and Oregon

Electricity accounts for 50 percent of the
energy consumed in the region’s commercial
sector. Electricity competes successfully in all
end uses including space heating, which is
dominated by oil or natural gas in most other
parts of the country.

A major reason for electricity’s dominance
in the region is its low price. The price is ex-
pected to fall through 2000.

Despite the large demand for electricity,
natural gas dominates commercial space heat-
ing. However, as technologies improve and
electric systems become more competitive as
the relative price of electricity declines, this
dominance will wane. Gas furnaces will then
be the second choice technology.

The replacement market will cushion
gas's decline in the space heating market.
There is a substantial same-system bias in the
replacement. Since gas furnaces account for
the majority of systems up for replacement, the
largest number for replacement systems will
be gas-fired.
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The industrial sector includes energy ma-
terials used in the manufacturing and mining
industries of the United States. In addition,
fuels not easily allocated to other sectors such
as farm and miscellaneous uses are generally
aggregated into industrial energy consump-
tion. These materials are consumed not only
for fuel to provide heat and steam to industrial
processes but also for specialty uses such as
chemical feedstocks, asphalt, lubricants, fuel
for off-highway vehicles, and other applica-
tions. In 1990, according to the State Energy
Data System (SEDS) published by the Energy
Information Adrministration (ELA), industrial en-
ergy consumption, including an allocated share
of electric utility generating losses, was 29.8
quadrillion BTU (QBTU) and accounted for
about 37 percent of total US. energy demand.
On a net basis (excluding electric generating
losses), natural gas and oil represent the
largest energy shares at 37 and 36 percent, re-
spectively, followed by electricity at 15 percent
and coal at 12 percent. In addition to conven-
tional energy sources, which are reported and
captured in published government data series,
about 2 QBTU of nonconventional fuel is cur-
rently used in the sector. About three quarters
of this fuel is biomass material consumed in the
paper industry, with the remaining consump-
tion scattered across a wide range of fuels such
as other biomass, geothermal, wind, and mu-
nicipal solid waste.

Following a period of continuous growth
through the early 1970s, industrial energy con-
sumption has been characterized by periods of

growth and sharp declines for the last 20 years
as shown on Figure 4-1. The declines have
been primarily driven by economic cycles and
the impacts of the oil price spikes in 1973 and
1979. In addition, significant improvements in
energy efficiency and a shift of industrial activi-
ties toward a less energy intensive mix has low-
ered overall energy demand. The net result of
the economic and efficiency trend is a 1990 net
industrial energy demand of about the same
level as in 1975 in spite of a 65 percent in-
crease in industrial activity.

OVERVIEW
Model Results

The NPC Model runs for Reference Cases
1 and 2 project total lower-48 industrial natural
gas demand ranging from 8,908 to 6,082 trillion
BTU (TBTU) in 2010 respectively. The results
and assumptions used in the model projections
are discussed in detail in Chapter Eight of this
report. The model summarizes results in three
broad categories: boilers, cogeneration, and
process/other uses. Model results are pre-
sented in Table 4-1. The difference between
the two model scenarios is driven by the eco-
nomic and efficiency assumptions in the two
Cases. Reference Case 1 is based on a 2.7
percent per year industrial production growth
between 1990 and 2010 and energy intensity
and industrial mix trends roughly consistent
with the trends observed between 1983 and
1990. Reference Case 2 is based on a 2.25
percent per year industrial production growth
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Figure 4-1. Industrial Sector Energy Demand.
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and energy intensity and industrial mix trends
roughly consistent with the trends observed
between 1973 and 1980. In both Cases, as-
sumptions and model results yield delivered
natural gas prices to industrial customers that

TABLE 4-1

NPC MODEL RESULTS*
LOWER 48 INDUSTRIAL SECTOR
GAS DEMAND-TBTUS

2010
Reference Reference
Case 1 Case 2

3,783 2,224
1,488 1,447
3,637 2,411

1990

2,831
748
3,467

Boilers
Cogeneration
Process Use

Total

Demand 7,046 8,908 6,082

* Excludes lease and plant fuel.

60

keep fuel switchable customers burning gas.
No significant new technologies were included
that would either increase or decrease the nat-
ural gas market share. The significant drivers
of future energy demand in the industrial sec-
tor; overall industrial growth, industrial output
mix, and current fuel use patterns are dis-
cussed in more detail in the rest of the.
Overview section.

Industrial Activity Measurement

The common and closely followed mea-
sure of industrial activity is the Federal Reserve
Board's Index of Total Industrial Production
commonly referred to as the FRB index. This
index provides a single series indicating the
relative value of the industrial sector to the
economy by combining physical outputs of
various industries through a dollar weighting
process. Each measured physical output is re-
lated to a dollar value in a base year depend-
ing on the estimated value of the output. The
total dollar value of all the measured outputs in
the base year is assigned the index number of
100. As the physical outputs of the various



segments change over time, the dollar
weighted total is recalculated and compared to
the base year total value, yielding the compos-
ite index. The FRB index is estimated monthly
by the Federal Reserve Board. Periodically
(every five to ten years) all series are
reweighted to reflect value/unit output changes
and the index is re-benchmarked. In addition,
weighting changes are also made on a more
frequent basis to account for significant
changes in output mix between the major up-
dates.

While serving as a useful measure of the
overall industrial contribution to the economy,
the total FRB index has significant limitations as
a measure or predictor of energy consumption.
As a result of the dollar weighting aggregation,
high value added industrial activities, which
may consume little energy on a unit basis, con-
tribute more to the index than low value added
energy intensive industries. In addition, cur-
rently about 8 percent of the FRB index is from
utility sales that do not contribute to energy de-
mands reported in the industrial sector.

Industries are normally classified based
on the industrial groups identified in the Stan-
dard Industnial Classification Manual, 1987, pub-
lished by the Office of Management and Bud-
get. The classifications commonly called SIC
codes group industries together based on sim-
ilar manufacturing activity.

Industrial Activity Measurement
Masks Underlying Energy Trends

Table 4-2 shows the relative contribution
to the total FRB index of various major indus-
tries for the current base year (1987) along
with energy and natural gas consumption data.
The manufacturing industries are ordered from
highest to lowest energy consumption. As
shown on the table, the top five energy con-
sumning industries in 1988 (petroleum, chemi-
cals, primary metals, paper, and stone, clay;,
and glass) accounted for almost 12 QBTU out of
the 15.5 QBTU or about 77 percent of the total
energy reported for manufacturing. If feed-
stocks were included, the share would be even
higher since virtually all feedstock consump-
tion is in the top five industry groups. As indi-
cated on the table, these industries accounted
for less than 20 percent of the composite dollar
weighted total FRB in 1987. The second five

energy consuming industries accounted for
about 15 percent of energy consumption and
contributed about 35 percent of the total FRB,
with the remaining ten manufacturing indus-
tries accounting for 8 percent of energy de-
mand and contributing almost 30 percent of the
total FRB. Natural gas consumption parallels
the energy trends with the top five energy con-
suming industries consuming 73 percent, the
second five 19 percent, and the remaining in-
dustries 8 percent of natural gas consumption.

Data for the mining industries are shown
at the bottom of the table. The largest contribu-
tion to energy and natural gas demand from
mining is from SIC 13, oil and gas extraction.
This industry (oil and gas production and natu-
ral gas liquids extraction) ranks fifth overall in
total energy consumption and is second only to
chemicals in natural gas consumption. In total,
mining contributes about 8 percent of the total
FRB, with both the FRB and energy contribution
dominated by SIC 13.

Since there is a large disparity between
energy use and natural gas consumption and
the dollar weighted output contribution of the
industrial sector, the mix of industries produc-
ing in the economy is a significant factor in un-
derstanding historical and projecting future in-
dustrial energy demands.

Manufacturing Moving Towards
Less Energy-Intensive Output Trend

Figure 4-2 illustrates the impact of the
changing mix of two-digit SIC industrial output
on the energy-intensity of manufacturing indus-
tries. The solid line on the chart shows the
trend of all manufacturing on a dollar output
weighted basis as measured and published by
the Federal Reserve Board. The upwardly slop-
ing dashed line shows a similar trend calculated
on an energy weighted basis. This line was cal-
culated assurning a weighting equal to the 1988
Manufacturing Energy Consumption Survey
(MECS) energy use and indexed at 1987 = 100
to compare to the FRB series. The line shows
the trend in manufacturing energy consumption
as a result of the changing mix of industrial out-
put exclusive of energy conservation.

The growth rate table on the chart illus-
trates the trends in the two series for three dis-
tinct time periods: 1960-1979, 1979-1983, and
1983-1990. During the period of 1960-1979,
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TABLE 4-2

COMPARISON OF INDUSTRIAL ENERGY AND NATURAL GAS
CONSUMPTION TO OUTPUT SHARES

Energy 1987
SIC Consump-  Natural Share of
Code ’ Description tion (Trllion  Gas  Production
BTU) (BCF)  Indext
Manufacturing Industries 1988 MECS*
29  Petroleum and Coal Products 3,122 702 13
28 Chemicals and Allied Products 2,862 1,466 8.6
33  Primary Metal Industries 2,622 720 3.3
26  Paper and Allied Products 2,347 415 36
32  Stone, Clay, and Glass Products 1,000 451 25
Top Five Energy-Consuming Industries 11,953 3,754 19.3
20 Food and Kindred Products 996 473 8.8
24  Lumber and Wood Products 404 34 20
37  Transportation Equipment 349 134 9.8
34  Fabricated Metal Products 343 197 5.4
35 Industrial Machinery and Equipment 276 123 8.6
Second Five Energy-Consuming Industries 2,368 861 345
22 Textile Mill Products 275 90 18
30  Rubber and Misc. Plastics Products 252 107 3.0
36  Electronic and Other Electric Equipment 215 82 8.6
27  Printing and Publishing 115 47 6.4
38 Instruments and Other Related Products 113 31 33
25 Fumiture and Fixtures 63 22 14
23  Apparel and Other Products 54 21 24
39  Misc. Manufacturing Industries 41 19 12
21 Tobacco Products 24 2 10
31 Leather and Leather Products 16 5 0.3
Remaining Manufacturing Industries 1,168 426 29.5
Total Manufacturing 15,489 5,141 83.3
Mining Industries 1987 Census*
10  Metal Mining 119 33 03
12  Coal Mining 163 1 1.2
13  Oil/Gas Extraction 1,381 1,011 5.7
14  Other Mining 305 85 0.7
Total Mining 1,968 1,130 7.9
Other Industries
]| Govemment Ordinance ? 12
491 Electric Utility Sales - 6.0
492  Gas Utility Sales - 1.6
Total Other - 8.8

Total All Industries In FRB Index 100.0

* Data from the 1988 MECS excluding feedstocks and including non-commercial fuels. MECS data are
not directly comparable to industrial sector energy consumption data reported in other series. 1987 Census
refers to data from the 1987 Census of Mineral Industries published by the Department of Commerce.

1 Share totals may not add due to independent rounding.
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Figure 4-2. U.S. Manufacturing Mix Change.

manufacturing grew at about the same rate as
total industrial production with the energy in-
dex tracking roughly in step with the FRB in-
dex During the period of 1979-1983, signifi-
cant change took place in the manufacturing
sector of the United States both in energy use
and manufacturing output. As a result of the
back-to-back recessions in 1980 and 1982,
overall output of the manufacturing sector did
not grow between 1979 and 1983. Over the
same period, the energy index fell at an aver-
age rate of 3.0 percent per year. The reduc-
tion of the energy weighted index illustrates
the significant restructuring of American in-
dustry that occurred across the 1979-1983
time period. Output from heavy industry was
reduced, with less energy-intensive, higher
value added industries becoming a much

more significant part of manufacturing output.
From 1983-1990, the economy continuously
expanded. Overall manufacturing FRB grew at
4.5 percent per year, the same rate as from
1960-1979, and about 20 percent faster than
the total index of industrial production. The
energy output index, however, fell at a rate of
more than twice the 1960-1979 rate, indicating
a continued shift towards a less energy-inten-
sive manufacturing mix.

Future Output Mix Key Variable in
Size of Potential Industrial Enexgy
Market

Figure 4-3 shows the impact of various fu--

ture manufacturing mix change assumptions
on overall energy intensity. If all manufacturing
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industries were to grow at the same rate in the
future, the result would be a horizontal line at
an index level of 1. The plotted lines indicate
the trends expected based on the observed
changes in the manufacturing sector for the
three time frames discussed previously. While
it is unlikely that mix changes on the order of
those observed between 1979-1983 will occur
in the future, there is no consensus on the
overall future trend. However, it is clear that
the future of the mix of output in the industrial
sector is a key variable in determining the size
of the future industrial energy market.

Conservation Measurement Com-
plex, But Driven by Conventional
Economic Calculations

The industrial sector is perhaps the most
easily understood sector regarding the imple-
mentation of energy conservation technologies
since the sector responds to classic economic
calculations. Energy efficiency investment de-
cisions are made in competition with other in-
vestment opportunities based on return on in-
vestment and competition for other resources
(manpower, etc.). In general, companies in the
major energy-consuming manufacturing SICs

are sophisticated energy users who evaluate
energy costs relative to other costs on a routine
basis. These users typically have multiple fuel
options and a variety of potential projects avail-
able to reduce overall energy use and cost at
the site. In some of the less energy-intensive
industries, energy costs are a smaller portion
of overall costs and probably receive somewhat
less attention. However, given the extremely
competitive nature of the industrial sector and
the large amount of attention focused on en-
ergy consumnption over the last twenty years, it
is unlikely that any industrial facility today is un-
aware of its energy needs, opportunities to re-
duce consumnption, or the potential for diversi-
fying fuel mix.

Figure 4-4 shows the trend of industrial
energy demand (1990 SEDS) relative to the to-
tal FRB. This trend reflects the mix change be-
tween the broad categories of industrial output
discussed previously and energy conservation.
In addition, there have been other changes
within the broad two-digit SIC categories as
U.S. manufacturers have shifted their output to-
ward higher value products. For example, U.S.
steel output is more heavily oriented towards
higher value and quality steels than was the
case 20 years ago. This same trend is typical
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Figure 4-3. Potential Mix Change Impacts.
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Figure 4-4. Industrial Energy/Unit Activity.

for most industries and reduces the apparent
unit energy consumption when using a dollar
output divisor. While the energy impacts of
these “internal” SIC mix changes have not
been generally studied, they have probably
contributed to the decline in energy consump-
tion/output ratio.

MECS develops energy trends per con-
stant dollar of shipments data as part of its en-
ergy use analysis of the manufacturing indus-
tries. The intensity ratios show an average
improvement for all manufacturing of about §
percent per year from 1980 to 1985 and about
1.5 percent per year from 1985 to 1988. These
ratios are based on purchased energy and do
not include the impacts of any change in con-
sumption of locally produced fuel.

In late 1990, the EIA conducted a series of
roundtables with the major energy consurning
industries that discussed, among other things,
energy efficiency. The following discussion,
surnmarizing the results of the round table, was
published in Changes in Energy Intensity in the
Manufacturing Sector 1980-1988 and points out

the complex interaction of fuel use in the manu-
facturing sector.

Among the factors noted that increase or
facilitate energy efficiency improvements are:

* Improved energy management consists of
better equipment maintenance, improved
insulation, lowering thermostats, routine
energy audits, and conservation goals.

* Computer controls and instrumentation al-
low companies to track energy use and
keep processes running at optimal effi-
ciency.

* Heat recovery and heat exchange involves
lowering stack temperatures, the installa-
tion of waste-heat recovery boilers, and
condensate recovery.

* Improvements in electricity cogeneration,
including switching to gas turbines, have
been an important factor in improving en-
ergy efficiency.

* Increases, renovations, and turnover in
production capacity commonly incorpo-
rate technological advances and improved
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operational techniques that have allowed
many industries to increase energy effi-
ciency.

The participants also cited several factors

that directly increase energy consumption per
unit of product and, therefore, decrease energy
efficiency. Among these factors are:

66

* Environmental regulations, which often

involve a direct energy cost with no in-
crease in output, may have a negative im-
pact on energy efficiency. The imple-
mentation of these regulations often
absorbs financial resources that might
otherwise be used for projects to im-
prove energy efficiency.

Improvements in product quality fre-

- quently result in increased energy con-

sumption per unit of product produced.
Such improvements frequently result in a
higher value of the product so that total
energy cost as a percentage of the price
of the product decreases. However, en-
ergy consumption per unit of product in-
creases, resulting in decreased energy-ef-
ficiency.

Overutilization of capacity frequently re-
sults in decreased energy efficiency be-
cause previously idle underused equip-
ment and processes, which frequently are
less energy-efficient, are used in order to
get extra production. Despite the ineffi-
ciency, such activities are profitable be-
cause extra output is obtained with no
capital investment, and because energy
costs are often a small proportion of total
costs.

Weather conditions affect the energy con-
sumption of building conditioning sys-
tems. This factor is more important in
those industries not dominated by pro-
cess energy use but have large floor
space areas. Examples of such industries
include the motor vehicles industry and
electrical and electronic equipment manu-
facturers.

Economic conditions may adversely affect
energy efficiency in a number of ways.
Energy prices and availability determine
the incentives for investing in projects that
conserve energy. Expanding markets re-
quire the expansion of capacity, which im-
proves energy efficiency by bringing in

new technologies. Conversely, economic
stagnation is typically coupled with a
slower rate of energy-efficiency improve-
ment. In general, interest rates and the
availability of capital also affect corporate
investment decisions, including invest-
ments in energy conservation.

* Energy efficiency potential continually de-
Creases as a process approaches its theo-
retical limit of efficiency. Most of the
“easy"” efficiency gains were imple-
mented in the late 1970s and the early
1980s.

The EIA summarizes the participants’
comments as follows:

Thus, according to the round table
participants, energy efficiency in the
manufacturing sector is a function of
technological advancements, eco-
nomic conditions, and a variety of
production factors. Most manufactur-
ers view energy from a purely eco-
nomic perspective. Accordingly, en-
ergy investments are subject to
return-on-investment calculations
and must compete with other pro-
jects for scarce capital. Energy in-
vestments are also subject to risk
analysis because of the volatility of
energy prices. Ultimately, what moti-
vates manufacturers actions with re-
gard to energy is energy cost, rather
than efficiency or consumption. Im-
provements in energy efficiency of-
ten result from projects whose pri-
mary purpose is to increase
production, to improve quality, or to
replace worn-out equipment. Few
major capital expenditures are justi-
fied solely on the basis of improving
energy efficiency.

As pointed out in the surnmary, energy is only
one of many factors that a business must con-
tend with in its day to day operations. Most ob-
servers would agree that market success re-
quires the pursuit of an optimum combination
of all factors rather than focused attention on a
single input.

Industrial energy efficiency will improve
with time. However, progress will be difficult to
quantify accurately as a result of the complex
interaction of numerous factors that impact en-



ergy use as well as the difficulty of measuring
outputs on a consistent physical basis.

Oil Demand Reported in Industrial
Sector Predominantly for Special-
ized Uses

Table 4-3 shows 1990 industrial oil de-
mand by federal region grouped by oil type
developed from the source documents. The
data closely match the SEDS totals for the conti-
nental U.S. While virtually all industrial fuels
compete with each other at the margin, there
are a number of end uses where one form of
energy has an inherent advantage over its com-
petitors. Table 4-4 reorganizes the oil demand
data into product categories with similar end-
use characteristics. The top portion of the
table summarizes oil demand for use cate-
gories where oil has a market advantage over
competing fuels as a result of the nature of oil
itself. These markets are:

Refining: During the refining process, by-
product, low pressure, light hydrocarbon
gas (still gas) is produced and coke is de-
posited on catalyst. These materials are
consumed within the refinery since there
generally is not a commercial outlet avail-
able. In 1990, these two products ac-
counted for almost 20 percent of the oil
consumption in the industrial sector.
Since these fuels cannot be easily sold
commercially, their substitution potential is
limited.

Feedstocks: About 39 percent of the oil
demand in the industrial sector is for
chemical feedstock use, primarily for the
production of ethylene and other olefins
from steam cracking. While chemicals
can be made from other feedstock
sources and processes, it is unlikely that
alternative feedstocks will make signifi-
cant inroads into this market.

Mobile Use: Significant quantities of distil-
late are used within the industrial sector to
provide fuel for off-road vehicles and
other equipment needs. To the extent that
these uses are in fixed locations, natural
gas may be able to compete. However, it
is generally believed that the bulk of these
fuels is consumed at construction sites
and other remote locations, where oil be-

cause of its portability has an economic
advantage over gas.

Farm Use: QOil use on farms is allocated to
the industrial sector in SEDS. Most of the
farm use is diesel, which is used in mo-
bile equipment. In addition, farms tend to
be remote and widely spaced, making
this market an unlikely one for gas pene-
tration.

Gas Utility Use: Gas utilities use liquefied
petroleum gas (LPG) to provide peak ca-
pability on the natural gas delivery sys-
tem. Additional storage might obviate the
need for some of this LPG, but it is unlikely
that its use will be displaced from the role
of increasing the peak day delivery capa-
bility of the natural gas system.

Specialty Uses: A variety of oils ac-
counted for inthe industrial sector can be
characterized as specialty oils. These in-
clude asphalt, lubricants, special naph-
thas (solvents), and other uses. These
uses, which account for almost 20 percent
of oil demand, are unlikely to be im-
pacted to any significant degree by fuel
substitution.

The remaining oil end uses, which totaled
400 thousand barrels per day (MB/D) and ac-
counted for less than 10 percent of industrial oil
demand in 1990, are surnmarized on the bot-
tom half of the table.

Quantity of Bulk Oil Use in
The Industrial Sector Has
Been in Steady Decline

The industrial bulk uses of oil as defined
in Table 4-4 have been steadily declining since
1979, as shown on Figure 4-5. In 1980, the EIA
changed its data reporting system for kerosene
and fuel oil sales and hence it is not possible to
extend the chart prior to 1979. The table
shows the numerical data on the demand
trends for the period from 1979 to 1983 and for
1983-1990. From 1979 to 1983, demand for all
types of industrial oil was decreasing in re-
sponse to the oil price spike in 1979 and the
back-to-back recessions of the early 1980s.
Since 1983, non-bulk uses of oil have increased
to about 400 MB/D above their 1979 total. Bulk
oil use, however, continued its decline across
the entire period to its current level of
400 MB/D, 1 million barrels per day below the
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TABLE 4-3

1990 INDUSTRIAL OIL DEMAND BY FEDERAL REGION

Ol Demand (Thousand Barreis per Day)

New Mid South S.West North South  North-

England NY/NJ Atlantic Atlantic Midwest Central Central Central Pacific  West

Still Gas-Fuel 0 2 30 2 o4 268 1“ 2 116 20
Still Gas-Chem Feed 0 4 6 1 0 46 0 3 0
Total Still Gas 0 26 38 23 o4 nu A1) 2 19 20
Ethane-Industrial 1 0 [} 0 [} 0 ] ] -0 0
Ethane-Gas Utillty 0 0 0 0 8 (] 1 0 1 (]
Ethane-Misc. 0 0 0 0 0 0 0 0 0 0
Ethane-Chem Feed 0 [} 0 0 5 478 16 [} 0 0
PrpnoGmu®y s o o 1031 % 1 5 % 3

al ] 0 1 2 1

Prrgganwbo. (] (] 0 (] 0 0 (] [} (] [}
Propane-Chem Feed 1 (-] 7 1" 24 329 8 2 8 0
Butane-Industrial [} ] 1 1 2 4 ] 1 " 0
Butane-Gas Utiiity (] (] 0 0 0 0 0 0 0 (]
Butane-! (] (] 0 0 (] 0 0 (] 0 0
Butane-Chem Feod (] 1 ] 1 4 60 7 1 ] 0
CS+ Chem Fd [} 0 0 0 2 3 1 ] (] ()
Total LPG (] 9 * 2 69 941 51 8 N 3
Mogas-industrial 2 4 7 19 17 17 10 8 10 4
Kerosone-industrial 0 2 0 1 1 1 (] ] ] ]
am 1 0 0 ] 0 0 ] ] (] ]
Kerosene-Other 1 0 0 0 0 0 ] [} ] [}
Total Kercsene 2 2 (] 1 1 1 [ [ [ 0
Dist #1-industdal 0 (] 0 0 2 0 0 2 0 0
Dless}-Farm 1 2 (-] 34 a7 a7 k-3 18 25 13
3 8 ] 18 15 2 4 5 7 4

DI ] (] 0 4 1 2 0 (] 2 4
Equl Diesel 2 2 13 24 15 17 2 9 2 4
Dist #2-Industrial 5 4 7 12 6 53 2 4 4 2
#2-Farm [} 2 1 (] 3 0 1 1 (] 0
#2-Miscollaneous 0 [} 0 0 0 0 0 0 o ]

Dist #4-Industrial 1 2 1 1 0 0 0 0 2 0
Total Distlllate 12 17 k14 <) bl 121 f 39 n 7
HHFFg.I-ODMConpw 24 21 24 35 18 8 3 1 4 (]
] 1 6 1 8 0 ] 1 1 1

HFO-Other 0 0 0 0 (] o o (] ] (]
Total HFO 24 2 30 36 26 8 3 2 [ 7
Coke-Catalytic [} " 15 8 32 101 ] 7 28 5
] 2 7 (-] 48 31 7 6 15 3

Crude Ol (] 0 (] 0 0 [ (] 0 2 0
Total Hvy Other (] 13 2 “* 80 132 12 19 ol ]
Naphtha 1 2 2 7 17 17 4 o 2 o
Heavy Chem Feod (] (] 0 72 18 259 5 1 0 0
Total Hvy Chem Fd 1 2 2 109 36 e 9 1 2 (]
Special Naphtha 2 3 4 " 15 18 4 0 1 0
Misc P 2 4 4 12 (-] F-} 1 2 1 1
Lubes 3 6 (] 16 " 20 5 1 (] 2
Asphalt 18 28 51 o5 110 58 K)) 24 50 19
Wax 0 1 1 3 8 0 1 1 0
Total Specialty 25 ] 68 197 143 139 a“ 28 59 2
Total Ol 74 14 2u 484 534 2059 181 122 361 ]

NOTE: SEDS - EJA Stats Energy Data Systsm, PSA - EIA Petroleum Supply Annual, AP| ~ American Petroleum Institute

Cont

$oodfos. 838 &

--
--
-0 8 B8RooOB

MMBTW  US.
Barrel TBTU
6.000 1334
6.000 131
6.000 1485
3.082 1
3.082 1"
3.082 0
3.082 $61
3.838 m
3.838 1"
3.838 0
3.838 554
4.326 R
4.326 0
4.326 0
4.326 148
5.418 97
617 1526
§.253 188
5.670 10
5.670 2
5.670 2
5.670 "
5.825 9
5.825 438
5.825 217
5.825 28
5.825 232
5.825 210
5.825 17
5.825 0
5.825 15
6.830 1164
6.287 330
6.287 “
6.287 0
6.207 e
6.024 466
6.024 275
5.800 4
6.007 788
5.248 349
5.825 755
§.633 1104
5.248 m
5.796 123
6.085 188
6.638 1165
5.537 2
6.358 1617
6.932 8237

SourceComments

Total Still Gas by PADD EIA PSA.

Chem Feed Estimate, last reported value 198S.
Reglons prorated based on refinery capacities.

LPG Data from 1990 API LPG Sales Report.

Agricultural, IndustriatCommercial and
Construction Mogas reported by DOT.

Kerosene data from 1890 EIA Fuel OH
and Kerosene Sales Roport (FOKS)

Distillate data from 1990 EIA FOKS.

HFO data from 1990 EIA FOKS. Standard
conversion factor used assumes high sultur
fuel ofl and overstates BTU consumption.
golubyPADDEIAPSA.

egions based on refinery capadties.
Crude ofl all in PADD V and assumed in Califomia.
Chem Feed by PADD EIA PSA. Reglons based on
population.
Specilaly products by PADD PSA. Regions
gomw'ﬁmmmbasodcnpopulatbn. Lubes
Industdal/Transportation split based on 90 SEDS.
Asphat distrbution based on Asphatt Institute sales.




69

TABLE 4-4

1990 INDUSTRIAL OIL DEMAND TABULATION BY SUBSTITUTION POTENTIAL
(Regional Data in Thousand Barrels per Day)

New Mid South S.West North South North- Cont MMBTU/ US.
England NY/NJ Atiantio Atantio Midwest |l C Pacitic West US. Barrel TBTVU
—— Speclal Uses —
Stifl Gas-Fuel 0 22 30 22 94 268 4 23 116 20 609 6000 1334
Coke-Catalytic 0 1 16 8 R 101 5 7 28 5 212 6.024 466
Total Refining o 3 45 30 126 369 19 30 “w 25 [-4] 6.007 1,800
Still Gas-Chem Feed 0 4 6 1 0 46 0 0 3 0 60 6.000 131
Ethane-Chem Feed 0 0 0 0 478 16 0 0 0 499 3.082 561
Propane-Chem Feed 1 6 7 1" 24 329 8 2 8 0 306 3.836 554
Butane-Chem Feed [} 1 0 1 80 7 1 0 0 94 4.326 148
CS+ Chem Fd 0 0 0 0 2 36 1 0 0 0 4 5418 97
Naphtha Chem Feed 1 2 2 a7 17 17 4 0 2 0 182 5.248 M9
Heavy Chem Feed 0 0 0 T2 18 259 5 1 0 0 5.825 755
Total Feedstooks 2 193 18 122 70 1345 81 4 19 0 1,635 4348 2,508
Mogas-tndustrial 2 4 7 19 17 17 10 8 10 4 88 5.263 1
Diesel-Construction 3 5 9 18 15 2 4 5 17 4 02 5.825 217
Diesel-Other 0 ] 0 4 2 0 0 2 4 13 5.825
Equipment Diesel 2 2 13 24 15 17 2 9 21 4 109 5.825 23R
Total Moblie Use 7 n" 20 (] L) 88 16 2 80 16 22 8.658 665
Kerosene-Fam 1 0 0 0 0 0 0 0 0 0 1 5.670 2
Diesel-Farm 1 2 6 k24 7 7 32 8 25 13 205 5.825 436
Dist #2-Farm [} 2 1 [} 3 0 1 1 [} 0 8 5.825 17
Total Farm Use 2 4 7 M 4 7 N 19 25 7 2u 5.825 455
Ethane-Gas Utlity 0 0 0 0 8 0 1 0 1 0 10 3.082 1"
ne-Gas Utliity 3 0 0 1 1 2 1 0 0 0 8 383 1
Butane-Gas Utllity 0 [} 0 0 0 ) 0 0 0 0 0 4.326
Total Ges Utility 3 o o 1 9 2 2 [} 1 o 13 3340 2
Asphalt 18 25 51 85 110 58 31 24 50 ] 481 6636 1165
Coke-Market 0 2 7 6 48 31 7 6 16 3 125 6.024 2
Lubes 3 6 6 16 " 30 5 1 6 2 84 6.065 186
Misc Product 4 4 12 6 25 1 2 1 1 58 5.798 123
3“" Naphtha 2 3 4 1" 15 18 4 0 1 0 58 5.248 m
lax (] 1 1 3 1 8 0 1 1 0 16 553%
Total Specialty 2 o 73 143 191 170 48 M 74 25 82 6306 1802
Total Unique Use 7 102 169 398 @ 1,081 169 109 307 ™ 3832 85I 7420
= Butk Fuel =
Ethane-industrial 1 0 0 0 0 0 0 0 0 0 1 3.082 1
Ethane-Misc. 0 0 0 0 0 0 0 0 0 0 0 3.082 0
Propane-industrial 3 2 6 18 13 12 7 4 " 3 ” 3.838 m
Propane-Misc. 0 0 0 0 0 0 0 0 0 0 0 383 0
Butane-{ndustrial ] 0 1 1 2 4 0 1 1" 0 20 4.326 R
Butane-Misc. 0 0 0 0 0 0 0 0 (] 0 0 4.326 0
Total LPG 4 2 7 19 18 16 7 [ ] 22 3 100 3.945 14
Kerosone-industrial 0 2 0 1 1 1 0 0 0 0 5 5.670 10
Kerosene-Other 1 0 0 0 0 0 0 0 0 0 1 5670 2
Dist #1-Industrial 0 0 0 0 2 0 0 2 0 0 4 5825
Dist #2-Industrial 5 4 7 12 6 53 2 4 4 2 99 5825 210
Dist #2-Misc. 0 0 0 0 0 0 0 0 0 0 0 5825
Dist #4-| 1 2 1 1 0 0 0 0 2 0 7 5.825 16
Total Kero+Distillate 7 L} L} 14 9 54 2 6 [] 2 116 8.810 246
HFO-industria) 24 2 24 35 18 8 3 1 4 (] 144  6.207 330
HFO-0il Campany 0 1 6 1 8 0 0 1 1 1 19 6267 4
H r 0 0 0 0 0 0 0 0 0 0 0 6.287 0
Crude Ol 0 0 0 0 0 0 0 0 21 0 21 5800 4
Total Heavy Ol 24 22 30 3 26 8 3 2 26 7 184 6224 418
Total Butk Off 35 32 a8 ] ] 78 12 7 84 12 400 8534 808
Total Ofl T2 134 214 464 634 2,080 181 122 361 o1 4232 6332 8237
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Figure 4-5. Industrial Oil Demand
(Continental U.S.).

1979 level and less than 10 percent of industrial
oil demand.

Other Industrial Fuels Have
Niche Markets

Table 4-5 surnrarizes the regional oil use
by the special/bulk distribution shown in Table
4-4 along with the consumption of other fuels in
both physical and trillion BTU units. While the
reported end-use differentiation is not as great
as for oil, certain markets exist for fuels other
than oil that have value beyond the inherent
BTU content of the fuel:

Gas for Lease and Plant Fuel: A signifi-
cant quantity of gas reported in the indus-
trial sector (13 percent) is consumed as
fuel on production leases and for natural
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‘gas liquids extraction plant fuel. Both of

these uses are unlikely to be substituted
by other fuels with normal market condi-
tions.

Gas for Feedstock Use: Natural gas is the
primary feedstock for the production of
ammonia, methanol, and acetylene, and is
also used in the production of hydrogen in
refining and petrochemical plants. Data
on consumption for these uses are not
publicly available; however, estimates
generally fall in the 0.5-0.8 TCF per year
range. Major inroads into these markets
by competing fuels are unlikely over the
next 20 years.

Coal for Coke Plants: Coal is heated to
form coke, which is used in the steel mak-
ing process. The coke acts as a reducing
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TABLE 4-5

REGIONAL PHYSICAL VOLUME DISTRIBUTION

N New Mid South S.West North South North- Cont
England NY/NJ Atlantic Atlantic Midwest Central Central Central Pacific Weet U.S. Source/Comments
Oil (Thousand Barrels/Day) 74 134 214 464 534 2,059 181 122 361 91 4,232 See Oil Table for References.
Unique 39 102 169 305 484 1,981 169 109 307 79 3,832
Bulk 35 32 45 69 50 78 12 13 54 12 400
BTU/
Cubic Foot :
Natural Gas 81 183 465 866 1,225 3,793 328 218 614 151 7,934 1,030 1980 EIA Natural Gas Annual.
(Bittion Cubic Feet)
Gas-Industrial 81 192 449 844 1,212 2,056 287 130 501 151 6,803 1,030
Gas-Lease & Pit Fuel 0 1 16 22 13 837 41 88 23 (] 1,041 1,030
MMBTU/
Ton
Coal (Million Tons) 03 3.4 28.9 213 374 6.5 29 10.6 3.8 0.8 116 0.000
Cocal-Coke Plants 0.0 11 159 45 16.9 o o 14 (] (1] 40 26.800 1980 EIA Coal Distribution.
Coal-Other 0.3 23 13 16.8 20.5 6.5 29 9.2 3.8 0.8 76 22444 1980 EIA Coal Distribution.
MMBTU/
Thc'v:’s:nd
Electricity 27.2 47 98.4 207.2 2226 136.3 37 30 722 634 941 3.412 1980 EIA Electric Power Annual.
(Biliion kilowatt hours)
(Purchased)
Renewable/Other 141 84 80 800 154 231 3 62 181 164 2,010 Total from EIA 1891 Energy Outlook.
(Tritiion BTU) Spiits based on American Paper Institute Data.
N.Cent, S.Cent,and Mtr/Pac spiit 50/50.
to sub regions.
Reglonal Distribution (Trillion BTU)
BulkOll 75 70 96 139 99 159 21 25 100 24 808 See Oil Tables for substitutable spiit detall.
Gas-industrial 83 108 462 869 1,248 3,045 805 134 609 156 7,100 Total gas salestondustrial.
Coal-Other 7 52 292 377 460 146 150 206 85 18 1,708 All coal ex coking.
Total Bulk 166 320 850 1,385 1,807 3360 1,076 365 794 198 9,616
Unique Oil 83 220 369 845 1,031 3,469 338 235 665 174 7,429 See Ofl Tables for substitutable spiit d
Purch Blectricity 93 160 336 707 760 465 373 102 246 216 3,212 Some In bulk market, not in dally oompetﬂlon with fuel.
Coal-Coke Plants 0 29 426 121 453 o 0o 38 [} o 1,067 Coking coal used directly in proce
Renewable 141 84 80 800 154 231 184 62 181 164 2,010 Most in bulk market, not In oom tition with other fuel.
Gas-Lease & Pit Fuel 0 1 16 23 13 862 66 91 24 o 1,072 In bulk market, not in competition with other fuel.
Total Special 317 494 1,237 2,596 2,411 5,027 961 528 1,116 6564 14,790
Total TBTU 482 814 2,087 3,981 4,218 8,377 2,037 893 1,910 762 24,406

Note: EIA -- Energy Information Agency, U.S. Department of Energy




agent and also provides energy to the
process. Natural gas may make inroads
into this market primarily driven by envi-
ronmental considerations but currently
coal has an inherent advantage.

Electricity: Electricity is primarily used
for motors, although there is some use for
metal melting, heat treating, drying, and
other applications. In new non-motor ap-
plications, interfuel competition is intense.
However, on a day-to-day basis, existing
electricity use does not face significant
competition from other fuels.

Renewable/Other: Renewable/other en-
ergy consumption is predominantly waste
fuel in the paper industry as well as non-
commercial fuels used to generate elec-
tricity (e.g., municipal solid waste, hydro-
electric power, etc.).

These fuels are consumed in unique circum-
stances and are not in competition with other
fuels on a day-to-day basis.

Figure 4-6 illustrates the relationship of the
fuels tabulated in Table 4-5 for the total US. As
the chart shows, most of the fuel reported in the
industrial sector is for applications in the *'spe-
cialty” categories with less than 40 percent of
the total in the bulk oil, natural gas, and steam
coal categories.

Natural Gas Dominates Fuel
Switching Market

QOil for bulk use, natural gas (except feed-
stock and lease and plant uses), and coal used
in boilers are in day-to-day competition in ex-
isting fuel switchable facilities to supply energy
services to end users. Prices for these com-
peting energy forms cannot get significantly
out of line with each other without causing fuel
switching. On a continental U.S. basis, gas ac-
counts for 74 percent, coal for 18 percent, and
oil for 8 percent of the competitive bulk fuel
market. Natural gas currently dominates the
switchable market. Figure 4-7 illustrates the
current relationship between these three com-
peting fuels on a regional basis as reported in
the EIA data sources. As the chart shows, gas
is the major bulk fuel in the market in all re-
gions except New England. However the addi-
tion of new pipeline capacity could significantly
alter the fuel mix in the future in the New Eng-
land region. The Southwest Central region,
with its high concentration of energy intensive
industries, accounts for over 40 percent of all
industrial gas use.

The 1988 MECS survey published data on
fuel switching capability by Census Region.
The data for the total United States are summa-
rized in Table 4-6.

Lease & Plant  Bulk Oil
4.4% 3.3%
Renewable :
8.2%
Met Coal
4.4% e
29.1%
Electricity ) \
13.2% \
30.4% \
i i 7.0%
Specialty Oil » \ o

Figure 4-6. U.S. 1990 Industrial Fuel Use (24 Quadrillion BTU).
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Figure 4-7. 1990 Industrial Bulk Fuel Use
by Region.

The survey indicated that the capability to
switch the fuel increment consumed above
minimum to natural gas ranged from about 65
percent for coal and coke to 93 percent for
LPG. While the time to switch varies, in all
cases more than half of the load could be
switched to gas in less than a day. If this load
could all be captured, gas demand could be

increased on the order of 1 trillion cubic feet
(TCF) per year with most of the increase used
to displace coal and coke.

The major threat to gas consumption is
substitution by oil with about 90 percent of the
capability to switch from natural gas in the LPG,
distillate, and residual fuel oil categories. Since
1988, industrial oil and coal use have declined

Type of Energy

Electricity Receipts (Million kWH)
Natural Gas (Billion cubic feet)
Distillate Fuel Oil (Thousand barrels)
Residual Fuel Oil (Thousand barrels)
Coal and Coke (Thousand short tons)
LPG (Million Gallons)

SOURCE: DOE/EIA-0515(88).

TABLE 4-6
MANUFACTURING FUEL-SWITCHING CAPABILITY 1988

Actual Minimum Maximum
Consumption Consumption Consumption

728,168 716,905 771,426
5,141 3,133 5,840
36,766 27,712 244,855
90,413 43,647 265,080
89,968 64,179 96,225
1,226 646 10,441
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while gas has increased, suggesting continued
penetration of gas into energy markets. How-
ever, when industrial gas prices rise above oil
prices, there is evidence that switching does
occur fairly rapidly. The NPC model projec-
tions that were presented in Table 4-1 and dis-
cussed in detail in Chapter Eight result in a
similar environment in the future with no fuel
switching away from gas and gas capturing
most of the industrial growth market.

FACTORS THAT DRIVE
INDUSTRIAL GAS DEMAND—
OPPORTUNITIES

Cogeneration Markets are
Expected to Grow

Many industrial processes use steam and
also require power. In an electric utility, steam
is typically used to power a turbine to produce
electricity and is condensed following the tur-
bines with cooling water. The combination of
the two needs, power production and steam re-
quirements, are synergistic. Where the two
needs exist together, a system can be de-
signed that produces power and steamn at sig-
nificantly lower total energy input than the sum
of the inputs needed to produce the same
power and steam in separate facilities. The
production of power at locations where the
steam is needed as well is called cogeneration.

Cogeneration systems are basically of
three types; boiler steam turbine, combustion
turbine with waste heat recovery steam gener-
ator, and combined-cycle. Each type of sys-
tem has its own unique operating characteris-
tics and produces a different ratio of power to
steam. Until recently, the most common indus-
trial cogeneration system was the boiler steam
turbine type. This arrangement yields a rela-
tively low power-to-steam ratio and a relatively
large steam demand is needed to generate sig-
nificant amounts of power. These systems are
very common in energy intensive industries.

Combustion turbines produce a higher
power-to-steam ratio than boiler systems. A
combined-cycle facility adds power generation
after the waste heat steam generator of the
combustion turbine to further increase power
generation. These types of systems have not
been as prevalent in industry but have been
used in special situations in major energy in-

14

tensive industries such as petroleum refining.
Over the last several years, significant improve-
ments in turbine technology and reliability
have resulted in making combustion turbines a
viable option in a wider range of applications.

Non-utility electricity generation has
grown rapidly over the past several years turn-
ing around the declining trend of the 1970s.
Much of this growth is a result of growth in co-
generation systems. The significant efficiency
advantage of cogeneration over conventional
power production facilities should allow cogen-
eration to remain an attractive growth market
for natural gas as new industrial facilities are
constructed or existing installations are re-
placed.

Gas Demand Could be Increased
by Extending Gas Service to Non-
Gas Users

An increased market could be achieved
for gas by extending gas service to facilities
that currently do not have natural gas available.
The 1988 MECS data from the fuel switching
survey indicate a minimum oil consumption
level of about 200 MB/D (400 billion cubic feet
gas equivalent). While data do not exist on the
location and size of these installations, some
are probably very small consumers and distant
from gas delivery facilities. The survey indi-
cated that about half of the residual oil potential
substitution lies in the Northeast, which has his-

- torically been short of natural gas delivery ca-

pability. As delivery systems are expanded, in-
dustrial customers are likely to switch to gas if
the service can be provided economically. Key
factors to gain this market will be the cost of the
natural gas hook-up and the cost of the deliv-
ered natural gas. While small in the context of
the total market, extension of gas service pro-
vides an opportunity for market growth.

Gas Demand Could be Increased by
Reducing the Time Gas is Not Avail-
able to Interruptible Customers

Firm service is more costly than inter-
ruptible service and during peak periods, in-
terruptible customers are interrupted if avail-
able capacity is required for firm customers.
Since many industrial processes are critical
and require constant operation, interruptible
customers have responded to the threat of in-



terruption by installing alternative fuel capabil-
ity. With alternative fuel capability installed, in-
terruptible customers utilize the most eco-
nomic fuel. While warm winters have
generally kept interruptions at a low level over
the past several years, industrial customers
protect themselves against interruption by
having alternative fuel on-site entering into the
winter. Many gas utilities and public service
commissions require that a viable alternative
fuel capability be demonstrated before inter-
ruptible service is provided. Even if no inter-
ruptions occur, it is probable that some of this
fuel is consumed for economic or operational
reasons. The MECS survey data indicate that
the equivalent of about 300 billion cubic feet of
gas was consumed in 1988 displacing oil.
With the continued move towards deregulation
of the natural gas system, there may be oppor-
tunities to reduce the duration of potential in-
terruptions to multiple fuel users. As long as
the improved service can be provided at a
competitive price, firm service options would
increase gas use.

New Technology Developments are
Likely to Open New Gas Markets

Gas competes very well in the industrial
sector and is the dominant fuel for steam and
process heat applications. Nevertheless, there
are opportunities to increase the market for
natural gas through the development and com-
mercialization of new and improved technolo-
gies particularly as new industries and pro-
cesses emerge. Areas of opportunity include
displacing fuels such as coal or coke in re-
sponse to environmental pressures, use of gas
for waste processing/waste minirmnization, and
development of new gas technologies to com-
pete in process heating and drying markets
which are now dominated by electricity and
other fuels. Capturing these opportunities will
require continued research and development
on improved gas-based technologies targeted
at increasing productivity, product quality, pro-
cess yields, and efficiency while meeting in-
creasingly stringent emissions regulations. It is
expected the major competitor to natural gas in
the new technology application area will be
electricity. Estimates of the size of these poten-
tial new markets vary, but each is important
and it is critical that natural gas technology de-
velopment continue if gas is to remain competi-

tive. Additional discussion of technology issues
is presented in Chapter Seven.

FACTORS THAT DRIVE INDUS-
TRIAL GAS DEMAND—ISSUES

Gas Substitution for Coal ox Non-
conventional Fuels in Existing Fa-
cilities Not Likely to Be Significant

Providing process heat or steam using
non-oil and -gas fuels, such as coal or biomass,
requires significantly more complex and costly
combustion equipment. These fuels tend to be
lower cost on a BTU basis than oil and gas with
the decision to build a facility based on a trade-
off between fuel and operating costs and in-
vestment. The MECS survey indicated a mar-
ket in the range of 650 billion cubic feet for gas
against coal and coke if gas consumption could
be maximized. Over the past several years,
gas prices, in particular, have generally been
below the levels anticipated when many of
these facilities were constructed. There have
been several reports of electric utilities using
natural gas to substitute for coal during periods
of low gas prices. This spot switching probably
happens in the industrial sector as well, al-
though delivered coal and coke prices are
generally lower than gas. In addition, if gas
prices remain stable or do not increase signifi-
cantly, some industrial users may find it attrac-
tive to substitute gas for coal or other non oil
fuel to reduce the relatively high operating and
maintenance costs associated with the com-
bustion of these fuels and to secure potentially
valuable environmental credits as a result of the
lower emissions resulting from natural gas
combustion. Industrial coal demand data sug-
gest that while gas substitution is possible, it
has not occurred to any great extent as yet.
Civen mainstream oil, gas, and coal price pro-
jections, gas substitution for coal or nonconven-
tional fuels in existing facilities is not likely to
be significant.

Cogeneration Growth Limited By
Available Sites and Will Not Always
Increase Total Natural Gas Demand
Cogeneration is not a new concept and
has been in use since the industrial revolution.

However, changes in the regulatory environ-
ment making it easier and more attractive to sell
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electricity to the utility grid coupled with the
improvements in gas turbine technology have
significantly improved the economics of cogen-
eration projects. Within the industrial sector,
the power from cogeneration facilities is not al-
ways produced in the form of electricity but is
often used directly to provide power for com-
pressors, pumps, and other facilities. Data are
available on electricity production from non-
utility generators, however, data on the amount
of cogeneration used to produce power directly
for use in industrial applications are lacking.

The potential market for cogeneration
technologies is dependent on the availability of
sites with a steam outlet. The higher powerto-
steam ratios of modern cogeneration systems
should allow economic cogeneration projects
at sites that were previously unattractive. Since
cogeneration is a more efficient method of pro-
ducing needed steam and power services than
producing them individually, new projects do
not necessarily increase natural gas demand.
In replacement situations, a new cogeneration
system is often much more efficient than the
boilers being replaced such that the addition of
the power portion of the cycle may not result in
any net fuel increase to the facility. In new in-
stallations, the natural gas demand for a cogen-
eration system is higher than for a boiler-only
facility but obviates the need for new electric
utility generation that might be gas based. Al-
though overall load may not always increase
from cogeneration, the market is very impor-
tant since natural gas has a competitive advan-
tage in both existing and new markets and of-
fers customers an option for lowering their total
energy costs.

Major Threat to Industrial Gas Mar-
kets is Substitution By Other Fuels
in Multiple Fuel Capable Facilities

Natural gas has been and is expected to
continue to be the fossil fuel of choice in the in-
dustrial sector. However, the market is not
guaranteed. Natural gas will have to remain
competitively priced and reliable to maintain
the industrial market. While the recent well-
head prices of natural gas have been at near
historic lows, the delivered price of gas to in-
dustrial customers varies considerably.

The July 1992 Natural Gas Monthly reports
that April 1992 industrial natural gas prices in
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the continental U.S. ranged from a high of about
$5.25/million BTU in New York to a low of
$1.45/million BTU in Louisiana. Ten states re-
ported average prices in excess of $4.00/mil-
lion BTU with only Texas, Oklahoma, and
Louisiana having prices below $2.00. These
data cover sales by regulated pipelines and
distributors which amounted to about 30 per-
cent of the industrial natural gas consumption.
This class of gas industrial customers is most
likely to consist of smaller users of natural gas.
Generally the economics of gas transportation
are not clearly favorable to smaller users of nat-
ural gas.

Price data are not collected for the re-
maining 70 percent of industrial demand. Al-
though the gas is transported through
pipeline/distribution systems, prices are un-
known to the transporters (who report sales
prices) since ownership of the gas is never
taken. While data do not exist, the significant
shift to industrial customer purchasing and
transporting separately over the past several
years gives a strong indication that the actual
cost of delivered gas for industrial transporta-
tion customers is significantly below that re-
ported for sales customers.

With the current wide range in industrial
natural gas delivered prices, some markets will
be at risk if wellhead gas prices rise or alterna-
tive fuel costs fall. Loads serviced by local dis-
tribution companies could be particularly at
risk if their fuel switchable loads have rate
structures that do not allow prices to remain
competitive with alternate fuels. The 1988
MECS data show that over 2 TCF of industrial
gas demand could be switched to other fuels if
gas became uneconomic, most of it very
quickly. The existence of this large switchable
market sets a competitive restraint on potential
gas price increases.

Offset Provisions of the Clean Air
Act and Stringent Environmental
Permitting Requirements Favor
Electricity

Environmental requirements for new and
modified facilities have become and will likely
continue to be more stringent. Most recently,
the Clean Air Act Amendments of 1990 provide
a mechanism whereby environmental offsets
must be obtained in certain non-compliance



areas before new facilities can be built or exist-
ing facilities renovated. Even though gas is
clearly the cleanest of all fossil fuels, industrial
customers may find it more attractive to use
electricity which has no emissions at the site
than to obtain the offsets necessary to increase
natural gas consumption. Gas demand will be
particularly at risk in ozone nonattainment
areas where there is a greater than one for one
NOx offset required. As environmental require-
ments continue to tighten, increased pressure
will be placed on industrial gas customers to
reduce all on-site fuel consumption including
natural gas.

Changing Nature of Natural Gas
Business Could Make Gas Pur-
chasing Very Complex

The move towards deregulation of the gas
transrnission system and the unbundling of ser-
vices has made gas purchasing more complex
and uncertain, particularly until the transition is
completed. The increased complexity of pur-
chasing gas is a cost incurred by the users.
Small industrial consumers may find the system
unwieldy and could choose to purchase and
burn other fuels if the gas purchasing and un-
certainty issues are not dealt with in a timely
manner. This issue is dealt with in detail in Vol-
ume IV, Transmission and Storage. Volume IV
includes specific recommendations for reduc-
ing complexity and standardizing the process
for purchasing and transporting natural gas.

FACTORS FAVORING INCREASED
PENETRATION

Environmental Concerns Gener-
ally Favor Natural Gas Over Other
Fossil Fuels

Title I of the 1990 Clean Air Act Amend-
ments requires that all new or modified major
NOx sources in ozone nonattainment areas un-
dergo new source review, install “"lowest
achievable emission rate"” controls, and pur-
chase or find NOx offsets for the NOx emitted.
These standards will apply on all new installa-
tions emitting greater than 25 tons of NOx per
year. This means gas boilers using greater
than 400,000 MCF per year and higher tem-
perature gas processes using as little as 40,000
MCF per year could be affected. It should be

noted that “lowest achievable emission rate”
controls are those technologies that are techni-
cally feasible with no consideration given to
cost. This will make installation or modification
of large gas-using equipment much more ex-
pensive from both a capital and operating
standpoint, and could discourage development
in affected areas.

However, environmental policy could pro-
vide incentives for conversions, since industrial
facilities can opt into affected unit status and re-
ceive allowances that could be sold if SO2
emissions are cut. Obviously, the impact of this
factor will depend on the allowance price. For
example, an industrial boiler fired by residual

- fuel oil with one percent sulfur will emit roughly

one pound of SO2 per million BTU, and the gain
from switching to gas will be $0.05 per million
BTU for every increase of $100 per ton in the
allowance price. If the allowance price were
$400 per ton, gas could sell for $0.20 per mil-
lion BTU more than fuel oil, everything else
equal, and still be competitive. The advantage
relative to fuel oil with two percent sulfur would
be twice as large, but the fuel oil price would
be lower, so the break-even gas price would
be lower as well. Also in some instances, in-
dustrial facilities may be able to capture valu-
able allowances available for trading by switch-
ing to natural gas from other fuels. The value of
the incentive will vary significantly by industry
and region.

Advent of Transportation Market
has Allowed Gas to Compete in the
Industrial Sector with Less Regula-
tory Intervention

The deregulation of wellhead gas prices
and the advent of a natural gas transportation
market has resulted in an industrial market
where end-user sales of natural gas have be-
come a smaller and smaller share of the indus-
trial gas demand. Today, less than 30 percent
of the industrial market is served by pipeline
and distributor sales of gas versus virtually 100
percent only a few years ago. This market
change has effectively moved most industrial
gas consumption out of a regulated price envi-
ronment at the wellhead into a competitive
world. This market change should allow gas to
compete more efficiently on a day-to-day basis
in its largest market. While competition does
not always result in increased market share, the
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move of the industrial sector from a regulated
to a price-competitive market has to be viewed
as a favorable trend for future gas demand.

CONCLUSIONS AND
RECOMMENDATIONS

The potential size and growth opportuni-
ties for natural gas in the industrial market will
largely be determined by factors such as in-
dustrial output mix and growth, which are out-
side of gas industry control. As shown in the
NPC Reference Cases, the industrial market
could grow considerably or shrink depending
on future trends in these parameters. Never-
theless, regardless of the size of the future po-
tential market there are a number of important
considerations that should be recognized and
opportunities that must be taken advantage of if
gas is to maintain and potentially increase its
share in the industrial market.

The Industrial Market Must Not Be
Taken for Granted

Natural gas has always enjoyed a high
market share in the industrial sector and is the
fossil fuel of choice. However, the energy mar-
ket is becoming more complex and increas-
ingly competitive. In order for gas to maintain
and potentially increase its market share in the
industrial sector, gas must provide a better
value to the customer than other fuel choices.
This value includes not only the delivered fuel
cost, but other factors as well. Distributors,
pipelines, producers, and regulators all have a
role to play in keeping gas competitive. This
activity requires not only efforts to keep the
price of natural gas competitive with other fuels
but includes activities to enhance the value of
gas to the customer such as technology devel-
opment and deployment.

Reliability Provides a Value to the
Customer

Focus group results conducted as part of
this study (see Volume V for Focus Group de-
tails) showed that natural gas is perceived as
less reliable than other fuels. While this may or
may not be reality, reliability provides value to
the customer. The industrial sector has alter-
natives to natural gas use and the gas industry
needs to develop innovative ways to improve
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reliability without damaging natural gas's com-
petitive position. The concept that “the gas in-
dustry is willing to provide the level of service
the customer is willing to pay for” does nothing
to enhance the value of gas to the consumer
nor increase demand.

Capitalize on the Environmental
Advantages of Natural Gas

Natural gas is the cleanest burning of all
fossil fuels and there may be innovative ways to
grow the industrial market for gas by capitaliz-
ing on its environmental advantage. The gas
industry generally views this advantage as
yielding a price premium for gas which does
little if anything to improve the natural gas mar-
ket share. With the emerging, more complex
world of environmental offsets and emissions
trading, the gas industry may be able to en-
hance the value of gas to its customers by help-
ing them understand and take advantage of
various credits that may be realized by increas-
ing gas use.

Focus Efforts on Technology Devel-
opment and Commercialization

New technology continues to penetrate
the industrial sector rapidly not only in energy
using equipment but also in improved pro-
cesses to produce goods of higher quality
more efficiently. The gas industry needs to fo-
cus its attention on how gas can help its cus-
tomers be more competitive in their markets.
This may require increased expenditures by
the industry for technology development and
commercialization. Further discussion of tech-
nology and funding appears in Chapter Seven.

THE REGIONS

Natural gas markets for the industrial sec-
tor vary widely by geographic area. Sum-
maries of key factors in these markets, dis-
cussed in detail in the Regional Reports
performed as part of the Demand and Distribu-
tion Task Group activities, are discussed below.

Region One: Connecticut, Maine,
Massachusetts, New Hampshire,
Rhode Island, and Vermont

Region One has historically been and will
continue to be a non-energy intensive region.



This means that the region does not consume
as much energy per capita as the USS. average.
However, the residential and commercial sec-
tors' energy consumption, due to large heating
requirements, are much higher than other re-
gions. Energy consumption in the region's
heavy industry has declined over the past 20
years, and has remained fairly steady over the
past decade. With 5.2 percent of the nation’s
population, New England consumed 6.4 per-
cent of the nation’s residential requirements in
1990, but only 1.6 percent of the nation’s indus-
trial energy requirements.

According to the Energy Information Ad-
ministration’s State Energy Data Report Con-
sumption Estimates 1960-1990, overall gas con-
sumption in the industrial sector of Region One
has been growing at an average rate of approx-
imately 3.6 percent per year over the past
decade, even though average annual growth in
total regional industrial sector energy con-
sumption was only 0.1 percent from 1980-1990.
Coal consumption increased at a rate of 4.6
percent, while oil consumption declined at a
rate of 1.9 percent during the last ten years. Oil
was still the dominant fuel in New England's
1990 industrial sector, however, with 43.3 per-
cent of the fuel mix. Electricity followed with
24.7 percent, natural gas accounted for 22.4
percent, hydroelectricity for 3.5 percent, and
coal for only 2.1 percent of industrial fuel con-
sumption in Region One in 1990.

In comparison, 1990 U.S. industrial sector
energy consumption was almost equally repre-
sented by natural gas and oil, with 37.1 percent
and 36.4 percent of the fuel mix, respectively.
Electrically accounted for 14.1 percent of in-
dustrial consumption, coal for 12.1 percent,
and hydroelectricity for only 0.1 percent.

Therefore, although industrial energy con-
sumption in Region One is not anticipated to
grow significantly in total, there is still potential
for the share of natural gas consumed to in-
crease further and to displace oil. In order for
natural gas to achieve a similar market share in
Region One to the entire United States (assum-
ing level regional consumption patterns), natu-
ral gas consumption by the New England in-
dustrial sector would have to increase by
approximately 55-60 trillion BTU, or 15 percent
over 1990 levels, over the next decade.

Region Two: New York and
New Jersey

Although New York and New Jersey ac-
count for approximately 10.3 percent of the na-
tion's population, they only consumed 7.2 per-
cent of the nation’s energy in 1990. Industrial
energy consumption, in particular, was propor-
tionately low, accounting for only 3.8 percent of
total U.S. industrial sector energy consumption
in 1990. While Region Two historically was not
highly industrialized, it did consume over 6
percent of the nation’s industrial energy in
1970. Heavy industry has, therefore, declined
significantly over the last 20 years.

According to the Energy Information Ad-
ministration’s State Energy Data Report Con-
sumption Estimates, 1960-1990, natural gas con-
sumption in the industrial sector of Region Two
has been growing at an average rate of approx-
imately 0.9 percent per year over the past
decade, although total regional industrial sec-
tor consumption declined at an average rate of
2.9 percent. During the same period, coal con-
sumption declined at a rate of 4.8 percent per
year, and oil consumption declined 4.6 percent
per year. Oil was still the dominant fuel in the
industrial sector of Region Two, however, with
48.4 percent of the fuel mix in 1990. Natural
gas followed with a 22.7 percent share, elec-
tricity with 18.4 percent, and coal with 10.3
percent of industrial fuel consumption in 1990.

By comparison, 1990 US. industrial sector
energy consumption was almost equally repre-
sented by natural gas and oil, with 37.1 percent
and 36.4 percent of the fuel mix, respectively.
Electricity accounted for 14.1 percent of indus-
trial consumption, coal for 12.1 percent and hy-
droelectricity for only 0.1 percent.

Region Three: Delaware, Pennsyl-
vania, Maryland, Virginia, West
Virginia, and District of Columbia

The forecast for industrial production for
the states located in Region Three show
steady but not robust manufacturing output
growth over the 1992-96 period of slightly less
than 3 percent per year. This growth coupled
with occasional fuel switching from oil and
coal to natural gas will probably be sufficient
to offset decreases from the closure of aging,
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uncompetitive plants which tend to be the
heavier gas users.

Market share of natural gas for industrial
process applications in the region is expected
to increase with respect to oil and coal, and de-
crease with respect to electricity.

Overall, market share for natural gas in in-
dustrial process applications is expected to
gradually decrease over the five-year planning
horizon as the effects of the 1990 Clean Air Act
Amendments under Title I come into play.

There are some marketing opportunities
for natural gas associated with the Clean Air
Act. Industrial customers may switch to natural
gas from coal and oil as a means of generating
NOx offsets in ozone nonattainment areas for
internal use as well as to sell to other industrial
customers. In addition, large industrial cus-
tomers may convert their coal boilers to natu-
ral gas as a means of generating SO2 al-
lowances that can be sold to electric utilities-on
the open market. Other opportunities include
gas-fired incineration of air toxics and volatile
organic compounds, natural gas air condition-
ing, and conversion of fork lifts and industrial
truck fleets to natural gas. Conversely, final
federal and state regulations relating to the
Clean Air Act may make the installation of
large gas-using equipment more expensive
from both a capital and operating standpoint
and potentially discourage some development
of industrial gas usage.

More stringent regulations on oil storage
tanks will provide opportunities for natural gas.

Region Four: Alabama, Florida,
Georgia, Kentucky, Mississippi,
North Carolina, South Carolina,
and Tennessee

Region Four, though accounting for 15
percent of the nation’s industrial economic out-
put, accounts for only 10.5 percent of the indus-
trial gas use. This is a result of the particular
mix of industries in the region.

From 1979 to 1989, the region’s industrial
gas use declined 0.5 percent per year while
industrial output rose 3.5 percent per year.
The reasons are (1) conservation and (2) slow
or no growth in the more gas intensive indus-
trial sectors.
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Much of the easy conservation in the re-
gion has been accomplished. Thus gas con-
sumption is anticipated to grow at least half as
fast as industrial output, even though much of
the industrial growth will be in less gas inten-
sive industries.

The biggest growth opportunity in the in-
dustrial sector in Region Four is expected to be
cogeneration.

Region Five: Illinois, Indiana,
Michigan, Minnesota, Ohio, and
Wisconsin

Energy consumption by Region Five's in-
dustrial sector has steadily declined since
1980. Reduced demand for products of the re-
gion’s steel and automotive industries has led
to reduced energy needs.

Electricity and oil are expected to be the
fastest growing industrial energy sources. In-
creased use of robotics and electrification of
the region’s durable goods manufacturing
plants have led to increases in electric de-
mand. Natural gas is expected to maintain its
niche in clean burning applications, especially
in chemicals industry, where the “dirty” burn of
oil and coal prohibit their use. Gas has envi-
ronmentally attractive qualities which include
the absence of residue when it is burned.

Coal demand in Region Five is the largest
in the country. The main reason for coal's dom-
inance is the nearby and relatively inexpensive
supply of the fuel. Much of the coal is used for
coking in the production of steel and in indus-
trial boilers.

Industrial cogeneration in the region is 12
percent of the national total. Hard times for the
region’s durable goods manufacturers have put
large capital investment projects like cogenera-
tion on hold. Currently coal and “other” are
the largest cogenerating fuels in Region Five.
However, by 1995, gas is expected to replace
“other” as the second largest fuel used.

Region Six: Arkansas, Louisiana,
Oklahoma, Texas, and New Mexico
In Region Six, Texas and Oklahoma domi-

nate the gas market, accounting for 85 percent
of gas consumption in the region.



In 1991, gas delivered to consumers in the
region totaled 5.4 TCE (This does not include
lease, plant, and pipeline fuel.) Of this amount,
3 TCF was for industrial uses, mostly refineries
and petrochemical plants. Texas and Louisiana
industrials consume 1.8 and 0.9 TCF, respec-
tively.

Cogeneration has been a major source of
growth in the region'’s industrial gas demand
and is expected to remain significant in the fu-
ture. However, the growth of refining and
petrochemical industries in the region may be
limited by foreign competition and stringent air
quality regulations. Also, domestic ammonia
production, which uses natural gas as a feed-
stock, is expected to continue its decline.

Industrial gas consumption in the region is
expected to increase to 3.5 TCF by 1995 and
then decrease to 3.3 TCF by 2000.

Region Seven: Iowa, Kansas,
Missouri, and Nebraska

Natural gas is used in the industrial sector
both as a feedstock and as a fuel for direct
heat, steam, and power generation. Petroleum
fuels dominate the market for industrial fuel
and power in Region Seven, followed closely by
natural gas. Given the availability of transporta-
tion facilities, if gas prices continue to be rela-
tively attractive, gas consumption could poten-
tially increase displacing oil in dual-fueled
boilers. Environmental policy may provide in-
centives for conversion, since industrial facili-
ties can opt into affected unit status and receive
allowances that could be sold if SO2 emissions
are cut.

The region uses approximately 100 trillion
BTU of coal in industrial applications, and the
bulk of the coal consumption occurs in the
states of lowa and Missouri. The two factors
that tend to limit gas penetration in coal mar-
kets are the existence of long-term coal con-
tracts with relatively stable price terms from
nearby coal-producing areas and the concern
over reliability of gas supply.

For the region, despite high industrial gas
demand growth rates, total gas consumption
for industrial cogeneration is not likely to be
substantial, given the current low level of de-
mand. Estimates indicate that the region's gas
demand for industrial cogeneration on a net

basis, is expected to be around 7 billion cubic
feet by the year 2000. The region'’s total gas
consumption for industrial applications is ex-
pected to increase at an annual rate of 3 per-
cent over the next decade.

Region Eight: Colorado, Utah,
Wyoming, Montana, North Dakota,
and South Dakota

Region Eight's gas consumption is domi-
nated by the residential and commercial sec-
tors. The industrial sector accounted for only
approximately 29 percent of all gas consumed
in the region and only 9.2 percent of the total
employment in the region. The region's indus-
trial sector is characterized as one of low en-
ergy consumption with a heavy emphasis on
service-oriented applications.

Although the overall energy consurmnption
in the industrial sector in Region Eight is rather
small, natural gas has been and will likely to
continue to be the fuel of choice in this sector.
Currently, the majority of industrial customers
are utilizing natural gas, and as a result, oppor-
tunities for additional penetration by natural gas
are minimal. The real focus must be on pre-
serving the traditional markets for natural gas
while exploring new opportunities.

In reviewing marketing opportunities in
the industrial sector, the use of gas-fired co-
generation appears to be the most significant.
The obstacle in developing this market is being
able to deliver a flexible yet economically at-
tractive and reliable natural gas service to
these new customers.

Region Nine: California, Arizona,
and Nevada

The industrial sector of Region Nine is a
diverse and changing market. Currently, the
industrial sector accounts for 17 percent of all
primary energy used in Region Nine and gas
captures approximately 44 percent of the re-
gion's industrial energy requirement, nearly 10
percent higher than the national average. Oil,
electricity, and coal provide the remaining 36
percent, 15 percent, and § percent, respec-
tively of Region Nine's industrial energy needs.
Improved access by industrial end users to
competitively priced gas supplies, new inter-
state pipeline capacity additions and increased

81



pressure on industrial users to burn clean fuels,
has positioned gas to be the dominant fuel in
the industrial sector.

Over 90 percent of Region Nine's indus-
trial energy demand is within California. Pro-
cess heating applications are the primary end
use among the state’s top energy consuming
industries of oil production, refining, paper, pri-
mary metals, and chemicals. Mining opera-
tions in Arizona and Nevada account for almost
half (45 percent) of those two state’s industrial
gas demand.

The largest gas consumption application’

in California, and Region Nine, is cogeneration.
There are currently over 4,000 megawatts of in-
stalled gas-fired cogeneration capacity in the
region, with California having over 93 percent
of the total.

Unique to Region Nine are the large,
energy-intensive enhanced oil recovery (EOR)
operations located in central California. Gas
provides some 82 percent of the EOR market's
energy needs. A number of large gas-fired co-
generation installations serve the EOR market
and they account for approximately 46 percent
of the EOR market's gas energy use.

The industrial sector of Region Nine does
not represent a major growth potential for gas
demand. California’s industrial gas demand is
expected to grow by only 11 percent from 1991
to 2010. There is a well-established pattern of
migration of heavy, energy-intensive industries

out of the region. The trend reflects the high
cost of doing business, an explicit and implicit
preference for “clean” industries and a variety
of regulatory burdens. The transition within
California is nearly complete, except for the
petroleum refining industry which is not ex-
pected to grow. Arizona and Nevada have a
relatively small industrial base with opportuni-
ties for gas demand growth mostly limited to
cogeneration potential in commercial applica-
tions.

Region Ten: Idaho, Washington,
and Oregon

Region Ten's industrial sector is the most
electric intensive in the nation. The low price
of electricity has attracted industries that can
only produce their products with large amounts
of electrical power.

Coal use in the region is the lowest in the
country, accounting for less than 1 percent of
the national demand. Industries in this region
generally use natural gas and residual oil for
process steam applications.

The fuel demand is currently split be-
tween oil, electricity, and natural gas. The de-
mand for natural gas is expected to decline
slightly in the near-term and then grow moder-
ately through 2010.

Cogeneration is not prevalent in Region
Ten since the region has the lowest electricity
prices in the nation.
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The potential for increased use of natural
gas to generate electricity has attracted consid-
erable attention in the natural gas and electric
industries, and among government officials, in-
cluding regulators. This chapter reviews the
recent history of gas use in electric generation
and summarizes the Demand and Distribution
Task Group's findings and conclusions con-
cerning the potential for increased gas use in
electric generation.! It also provides recom-
mendations for dealing with obstacles that
need to be addressed as natural gas plays a
larger role in providing the energy needed to
generate electricity.

Particular attention has been focused on
the potential for natural gas in electric genera-
tion because:

* Demand for electricity has been growing
and appears likely to continue growing
more rapidly than the direct use of coal,
oil, or natural gas.2

1 “Electric generation” as the term is used in this
chapter includes generation by traditional electric utilities
and independent power producers. Cogeneration and
self-generation of electricity are covered in the commer-
cial and industrial chapters of this report. This chapter
does include some historical data on cogeneration and
self-generation merely to show the relative importance of
these activities in satisfying the nation'’s total demand for
electricity.

2 According to DOE-EIA data, during the period
from 1981 to 1991, US. use of electricity grew nearly 29
percent while the consumption of oil increased by 2.5

* Electric generation accounts for a large
and growing share of U.S. energy demand.
Energy used by traditional electric utilities
accounted for 36.7 percent of all the en-
ergy consumed in the United States in
1991, up from 26.7 gercent in 1973 and
32.3 percent in 1980.

* Natural gas for the generation of electric-
ity has important environmental advan-
tages over coal and oil, and nuclear and
coal-fired generation have faced declining
interest or acceptability in many regions.

* Newer gas-fired generating units, particu-
larly combined-cycle units, are more effi-
cient,4 generally have lower capital costs
and lower non-fuel operating costs, and
can be built faster and in smaller eco-
nomic sizes than coal-fired units.

percent, gas increased by 0.3 percent, and coal in-
creased by 10 percent.

3 Data source: U.S. Energy Information Adminis-
tration, Monthly Energy Review, DOE/EIAR-0035(92/03),
March 1992, Table 2.1, page 23, Table 2.2, page 25 and
Table 2.6, page 36. According to EEI data, traditional
electric utilities accounted for 92.3 percent of electric
generation in 1990, while non-utility generators, includ-
ing cogenerators, small power producers and indepen-
dent power producers accounted for 7.7 percent (see
Table 5-3, below). Comparable data for 1991 are not
yet available.

4 More kilowatt hours of electricity output per BTU
of energy input.
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In summary: electric generation is an im-
portant potential market for natural gas; gas
will face strong competition and must over-
come a number of obstacles in this market; but,
natural gas will be competitive and the obsta-
cles can be overcome largely through actions
by organizations in the gas industry.

This chapter:

* Summarizes the role of natural gas in elec-
tric generation in recent years

* Identifies the potential future demand for
natural gas in electric generation and
identifies the potential opportunities for in-
creased gas use

* Identifies developments that have held
down gas demand, changes that are un-
derway, and obstacles to increased gas
use that will need to be addressed

* Recommends actions that can be taken to
help assure that natural gas plays a larger
role in electric generation.

RECENT HISTORY OF THE ROLE OF
GAS AND OTHER ENERGY SOURCES
IN ELECTRIC GENERATION

The role of natural gas in supplying en-
ergy for electric generation has changed sub-
stantially during the past 20 years. This section
of the report provides data on the role of gas
and other energy sources in electric genera-
tion and points out that non-utility electric gen-

eration is playing an increasing role in supply-
ing the nation’s demands for electricity.

Percentage Share of Electric Genera-
tion by Gas and Other Enexgy
Sources: Traditional Electric Utilities

Table 5-1 shows the changing percentage
shares of electric utilities’ net kilowatt hours
(kwh) generated by gas and other energy
sources during 1972 (the peak year for gas use
in electric generation), 1980, 1985, 1990, and
1991. When viewing this table, it is useful to
keep in mind that the total kwh generated by
electric utilities grew from 1,750 billion kwh to
2,823 billion kwh in the 19 years from 1972 to
1991, an increase of 61 percent, or an average
of 2.7 percent per year.

In surmnmary, Table 5-1 shows that:

* The natural gas share of energy used by
electric utilities declined sharply from the
early 1970s—due largely to market distor-
tions and high gas prices in the late 1970s
and early 1980s caused principally by
federal and state policies and regulations.
The Fuel Use Act, now largely repealed,
prohibited use of natural gas in some ex-
isting facilities and prohibited building
new gas-fired electric generation facilities.

* The coal share increased substantially as

a result of new coal-fired units built during
the 1970s and 1980s.

TABLE 5-1
PERCENTAGE SHARE OF ELECTRIC UTILITIES’ GENERATION BY ENERGY SOURCE*

Natural
Year Gas Coal Petroleum Nuclear Hydro Other  Total
1972 21.5% 44.1% 15.6% 3.1% 15.6% A% 100%
1980 15.1% 50.8% 10.8% 11.0% 12.1% 2% 100%
1985 11.8% 56.8% 4.1% 15.5% 11.4% 4% 100%
1990 9.4% 55.5% 4.2% 20.6% 10.0% 4% 100%
1991 9.4% 54.9% 4.0% 21.7% 9.8% 4% 100%

* This table shows only traditional electric utilities and does not include generation by non-utility generators,
i.e., independent power producers and commercial and industrial cogenerators.

SOURCE: U.S. Energy Information Administration, Monthly Energy Review, May 1992, DOE/EIA-
0035(92/05), Table 7-1, p. 91; and Annual Energy Review 1991, DOE/EIA-0384(91), June 1992, Table 92, p. 211.
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TABLE 5-2

ENERGY USED BY ELECTRIC UTILITIES

Coal Petroleum
(Million  (Million
Year Gas (TCF) Tons) Barrels)
1972 3.98 352 497
1980 3.68 569 420
1985 3.04 694 173
1990 2.79 774 196
1991 2.79 772 185

Quadrillion BTU

Gas Coal Petroleum Nuclear Hydro
4.08 7.81 3.10 .58 2.83
3.81 12.12 2.63 2.74 3.09
3.16 14.54 1.09 4.15 3.33
288 16.19 1.25 6.16 2.91
2.88 16.07 1.18 6.54 3.05

SOURCE: U.S. Energy Information Administration, Monthly Energy Review, May 1992, DOE/EIA-0035(95/05),
Table 7-3, p.95 and Table 2-6, p.33; Annual Energy Review 1991, June 1992, DOE/EIA-0384(91), Tables 94 and 95,

pp. 215 and 217.

* The petroleum share declined very
sharply and remains low.5

* The nuclear share increased rapidly but is
now leveling off since no new plants have
been ordered since 1974 and only two
new plants are projected to come on-line
by 2000. Otherwise, nuclear generation
can increase only if the availability of ex-
isting nuclear units is improved. The nu-
clear share is likely to fall in the years
ahead as availability declines and older
plants are retired at or before the end of
their operating licenses. Attachment #1 to
this chapter lists operating nuclear plants
in the United States according to the year
in which the operating license for the plant
expires.

* The hydro power share has been declin-
ing steadily—in percentage terms—since
most available large U.S. hydro sites have
already been developed.

Energy Used by Electric Utilities

Table 5-2 shows the quantities of natural
gas, coal, and petroleumn used by electric utili-

5 Not shown in Table 5-1 is the sharp increase in oil
usage by electric utilities from 1985 to 1986 when Saudi
Arabia sharply increased its oil production and world oil
prices declined sharply—a strong reminder that (a) oil
prices continue to be affected by cartel actions to man-
age production levels and (b) oil use by utilities could in-
crease again if its delivered price is less than competing
energy sources.

ties during 1972, 1980, 1985, 1990, and 1991.
The peak year for natural gas use in electric
generation was 1972.

Quantities of Natural Gas, Coal,
and Petroleum Used by Non-Utility
Generators

Data on the rapidly growing non-utility
electric generation are not as complete as data
on traditional electric utilities. However, both
the Edison Electric Institute (EEI) and the En-
ergy Information Administration (EIA) have
conducted surveys and issued recent reports.

Non-utility generators (NUGs) include in-
dependent power producers (IPPs) that con-
struct facilities for the production of electricity
that is sold on a wholesale basis to traditional
electric utilities, and commercial and industrial
cogenerators that produce both electricity and
steam or heat that can be used for other pur-
poses. Electricity in excess of the needs of
commercial or industrial cogenerators is sold
to an electric utility.

EEI Data on Non-Utility Electric
Generation: 1986-1990

Table 5-3 shows the growth in non-utility
generation and contrasts non-utility generation
with that of the traditional electric utility genera-
tors. Note that, except for the following table,
data on cogenerators are included in the com-
mercial and industrial chapters. The cogenera-
tion data are included in Table 5-3 only to show
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TABLE 5-3
MILLION MEGAWATT HOURS OF ELECTRICITY GENERATION

December 1991.

Non-Utility
Traditional

Small Power Other Non-Utility Elec. Util.
Year Cogenerators Producers Producers Total NUGs Producers
1986 88.4 14.5 9.0 112.0 2,487.3
1987 118.4 18.5 9.7 146.6 2,572.1
1988 140.4 22.1 11.8 174.3 2,704.3
1989 157.0 30.8 13.1 200.9 2,784.3
1990 180.8 37.2 14.8 232.8 2,807.1
Each segment as percent of total:
1986 3.4% 5% 3% 4.3% 95.7%
1990 5.9% 1.2% 4% ' 7.7% 92.3%

SOURCE: Edison Electric Institute, 7990 Capacity and Generation of Non-Utility Sources of Energy,

the relative importance of cogeneration in sup-
plying the nation's electricity demands.

EIA Data on Non-Utility Electric
Generation: 1989-1990

Table 5-4 shows the breakdown by en-
ergy source for the electricity generated by
non-utility power producers in 1989 and 1990.
Note that the amount of generation is about 7
percent less than reported by EEI (summa-
rized immediately above). The EIA report on
which Table 5-4 is based is limited to produc-
ers with installed capacity of 5 or more
megawatts, which may explain part of the dif-
ference.

OPPORTUNITIES FOR INCREASED
USE OF NATURAL GAS IN ELEC-
TRIC GENERATION

The potential markets for increased use of
natural gas in electric generation include both
traditional electric utilities, which supplied
about 92.3 percent of the electricity used in the
United States in 1990, and non-utility genera-
tors, which supplied 7.7 percent. The potential
for increased use of gas by cogenerators,
which currently make up a large share of non-
utility generation, is covered in the commercial
and industrial chapters of this report.
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This section will discuss:

* The range of potential future demand for
increased gas use as shown in two scenar-
ios developed by the NPC

* Types of generating facilities where addi-
tional natural gas can be used

* The wide variation from case-to-case in
the potential for increased gas use

* Key developments affecting the potential
for increased use of gas in electric gener-
ation.

In general, there are four potential ways (in ad-
dition to cogeneration) that natural gas can play
a larger role in supplying energy used in elec-
tric generation:

* Running existing gas-fired generating
units more often (i.e., at higher capacity
factors)

* Adding gas-burning capacity to existing
oil- or coal-fired generating units (e.g., to
gain fuel flexibility or meet environmental
requirements)

* Repowering existing generating units
(coal, oil, or nuclear), possibly increasing
capacity of the unit at the same time

* Building new base-load, intermediate-
load (cycling) or peak-load generating



units (by traditional electric utility or an in-
dependent power producer).

The question of whether any one of the above
steps is necessary or advantageous to an elec-
tric generating company depends on a number
of factors, including the generating capacity
now available, expected growth in demand for
electricity in the region, the condition of exist-
ing generating units, expected fuel prices, en-
vironmental requirements, and alternatives
available.

As explained in more detail later, a deci-
sion to choose gas or an alternative depends
on mary factors that vary widely among sites,
type of generating unit, potential applications,
technologies, companies, regions, distance
from fuel sources, and fuel transportation alter-
natives and costs. Those making fuel choice
decisions for utilities or IPPs and those who
wish to sell gas or provide transportation ser-
vices to utilities and IPPs will have to under-
stand factors affecting decisions on a case-by-
case basis to make wise investment and
marketing choices, rather than rely on model
outputs.

Potential Gas Demand for Natural
Gas for Electric Generation as
Shown in Two Scenarios Developed
by the NPC

The NPC Model Reference Cases are
based on two fundamentally different scenarios
for US. energy supply, demand, and prices for
the period through 2010, and were developed
during the NPC Natural Gas Study. The Cases
were developed as an attempt to show two dif-
ferent potential energy futures. It should be
recognized that the model outputs for the two

scenarios are merely the result of the input as-
sumptions and neither Case is offered as a
“forecast.’ In summary:

* Reference Case 1 contemplates U.S. en-
ergy demand growing from 82 quadrillion
BTU (QBTU) in 1991 to 100 QBTU in 2010.
It assumes economic growth averaging
2.4 percent per year, continuation of en-
ergy efficiency improvements, and crude
oil prices? growing 1 percent per year in
real terms (to $29 per barrel in 1990 dol-
lars by 2010). It also assumes that elec-
tricity demand will grow by 1.5 percent
per year from 1990 to 2000 and by 1.8
percent per year from 2001 to 2010, aver-
aging 1.62 percent per year over the en-
tire period.

* Reference Case 2 contemplates U.S. en-
ergy demand growing from 82 QBTU in
1991 to 88 QBTU by 2010. It assumes
economic growth averaging 2.0 percent
per year, increased energy efficiency, and
crude oil prices of $20 per barrel in 1990
dollars by 2010. It also assumes electric-
ity demand will grow 1.1 percent per year
from 1990 to 2000, and by 1.5 percent
from 2001 to 2010, averaging 1.3 percent
per year over the entire period.

6 The underlying scenarios, the assumptions, and
the model outputs are described in more detail else-
where. Specifically, a general description of the model
and scenarios appears in Chapter Two of Volume I—the
Summary Report of the Natural Gas Study. Additional in-
formation on the model and the assumptions used for the
two scenarios is provided in Volume VI A more detailed
discussion of assumptions driving the model outputs with
respect to natural gas demand appears in Chapter Eight
of this volume.

Tys. refiners acquisition cost of crude oil (RACC).

TABLE 54
MILLION MEGAWATT HOURS OF ELECTRICITY GENERATION

Year Natural Gas Petroleum Coal Hydro Wood Other Total
1989 86.2 5.9 30.3 5.9 27.5 31.3 187.1
1990 99.1 54 30.9 6.2 30.7 42.9 215.2

SOURCE: U.S. Energy Information Administration, “Non-Utility Power Producers,” by Lawrence Prete,
Janet Gordon and Betty Williams, Electric Power Monthly, April 1992, pp. 1-18, Table FE1.
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Model Outputs With Respect to Potential
Gas Demand for Electric Generation

Table 5-5 shows the potential growth in
gas demand for electric generation8 in the
lower-48 states based on the assumptions used
for the NPC scenarios. The table also shows
potential growth in gas demand for electric
generation as shown in the Gas Research Insti-
tute’s (GRI) “1993 Baseline,” issued in August
1992, and the Energy Information Administra-
tion's ‘Reference Case,” published in January
1992. Each source uses different input as-
sumptions and different models to make calcu-
lations.

Key Input Assumptions That
Determine NPC Model Outputs
With Respect to Gas Demand
for Electric Generation

Inputs to the NPC model included many
assumptions that determine the outputs from
the model under the two scenarios, including
the above numbers on potential for gas in elec-
tric generation. Most of the assumptions affect-
ing the model outputs with respect to use of
natural gas in electric generation are explained
in Chapter Eight. The various assumptions are
listed in Attachment #2 to this chapter, along
with the page numbers in Chapter Eight where
the discussion of the assumptions can be

8 Includes traditional electric utilities and indepen-
dent power producers only. Gas used in cogeneration
and self-generation of electricity by commercial and in-
dustrial organizations are shown in chapters covering
those sectors.

found. The most important assumptions driv-
ing the model outputs with respect to need for
new generating capacity and the gas share of
energy used for electric generation are:

* Economic growth (and attendant factors
affecting residential, commercial and in-
dustrial demand for energy).

* Demand for electricity.

* Delivered prices of gas, coal, and oil for
electric generation, including fuel trans-
portation costs.

* Capital costs for coal-fired and gas-fired
generating units.

* “Floors” assumed for gas share of new
generating unit market. This refers to as-
sumptions that certain shares of new gen-
eration will be gas-fired regardless of the
economics of gas vs. other energy
sources (e.g., that all fossil-fueled genera-
tion projected for New England, New
York, and New Jersey through the year
2010 will be gas- or oil-fired).

* Repowering of certain amounts of gener-
ating capacity, and that natural gas or oil
will be the fuel used for the repowered fa-
cilities.

* “Institutional” constraints. These are judg-
ments incorporated in the model concern-
ing such factors as the lead-time that
would be required to build coal-fired gen-
erating units, opposition to building coal-
fired units in some regions, and the poten-
tial that electric utilities will be more
willing after the year 2000 than before to

future gas demand for electric generation.

TABLE 5-5

PROJECTIONS OF GAS DEMAND FOR ELECTRIC GENERATION
(Trillions of Cubic Feet)

Actual 1991
NPC Reference Case 1 2.8
Reference Case 2 2.8
GRI 1993 Baseline* 29
EIA 1992 Reference* 2.9

* Both GRI and EIA show other cases, with different input assumptions, that show higher and lower estimates of

2000 2010
3.7 5.2
3.1 4.8
3.1 4.2
45 5.7
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take the financial risks associated with
building generating units. Another “insti-
tutional” constraint is the assumption that
electric utilities will add generating ca-
pacity in accordance with plans and pro-
jections for new generation capacity for
the period from 1990 to 2000 published
by North American Electric Reliability
Councilin 1991.

Use of the outputs from the NPC Refer-

ence Cases with respect to potential gas de-
mand for electric generation should be pre-

ceded by a careful review and thorough

understanding of the assumptions that drive the
NPC model outputs.

Regional Analyses

The last section of this chapter includes
analyses, prepared by Demand and Distribu-
tion Task Group regional teams, of the potential
for increased use of gas in electric generation
in each of the ten regions. These analyses pre-
sent an alternative assessment—compared to
the model outputs—of the need for new elec-
tric generating capacity and the role of gas in
supplying energy for electric generation.

Types of Electric Generating
Facilities Where Additional
Natural Gas Might Be Used

There are a variety of potential opportuni-
" ties for increased use of natural gas in electric
generation. Organizations in the gas industry
need to understand the different potential ap-
plications in order to market effectively to elec-
tric generating companies.

Existing Gas-Fired Generating Units

In some areas where gas use in electric
generation was prevalent in the 1970s, some
utilities built coal-fired and nuclear generating
units and reduced the use of gas-fired units to
comply with the Powerplant and Industrial Fuel
Use Act of 1978 (PIFUA). Some of these gas-
fired units are mothballed and others are in use
but operate at low load factors. These generat-
ing units could use additional gas when prices
are low or when electricity demand increases
to the point where they are needed because
other available generating units are running at
full capacity.

Existing Oil- Or Coal-Fired Units That
Add Capability To Burn Gas

Some electric utilities are adding—or
have the potential to add—gas burning capa-
bility in existing oil- or coal-fired steam gener-
ating units. Adding such capability—so the unit
can run fully on gas or on a co-firing or reburn
basis—would generally be done to permit
meeting tighter environmental requirements,
particularly to achieve reductions in sulfur diox-
ide and carbon dioxide emissions; provide an
alternative fuel source as protection against
supply interruptions or price increases for the
primary fuel source; and/or increase the diver-
sity of the utility’s energy sources.

Repowering of Existing
Generating Units

Some electric utilities are “repowering"”
existing generating units, or have the capability
to do so. “Repowering” may involve a wide
range of actions, including:

* Substitution of a new boiler (one that
could burn gas, oil, or coal) for an existing
boiler and continuing to use an existing
steam turbine and generator

* Adding one or more new gas turbines that
drive new generators and using the ex-
cess heat to make steam that would sup-
ply an existing stearmn turbine and genera-
tor (ie., a combined-cycle configuration)

* Substituting an entirely new gas-fired
combined-cycle facility (gas turbines,
waste heat boiler, steam turbine, and gen-
erators).

Generally, distillate oil (#2) would be the
back-up fuel for use in gas turbines, though en-
vironmental and energy facilities siting-board
authorities in some states are imposing strin-
gent restrictions on back-up fuel use.

Repowering often offers an attractive op-
portunity for electric generation since it uses
an existing generating site and may:

* Involve less neighbor and community op¥
position as compared to a new site

* Take less time to obtain necessary per-
mits

* May involve less cost—since land, some
usable facilities (access to transmission
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lines, water supplies, maintenance, etc.)
and support services are already avail-
able.

New Base Load Generating Units

In some cases, new base load generating
units may be needed to accommodate in-
creased electricity demand or to replace units
that must be retired.®

“Base load” refers to generating units that
are kept on-line for long periods to serve elec-
tricity demand. They often run for weeks or
months without being taken off-line, though
they may be producing electricity at less than
full capacity. New gas-fired combined cycle
generating units are being built in some areas
for this purpose. Such new base load units
may be built by electric utilities or by indepen-
dent power producers.

New Intermediate or “Cycling” Units

In some cases, expected electricity de-
mand may indicate the need for new generat-
ing units that “cycle” or provide electricity for
what is sometimes called “intermediate” load.
These units are started when demand for elec-
tricity increases and shut down when it de-
creases. For example, they are most likely to
be started when demand increases in the
morning hours of a weekday and shut down
late in the afternoon. They may be run on
weekends when weather is quite hot or cold,
but are less likely to be run during the spring
and fall.

New gas-fired combined-cycle units are
being built for this purpose. As electricity de-
mand increases or existing base-load units are
shut down, these units may become base load
units. Such units may also be built by electric
utilities or by independent power producers.

New Peaking Units

In some cases, expected electricity de-
-mand may indicate the need for new generat-
ing capacity that is run only to serve “peak”
demand—perhaps only a few hours on days

9 Relatively few utilities have scheduled retire-
ments of existing generating units. Instead, if capacity is
needed, necessary capital and maintenance work may
be done to extend the life of the unit or it may be “repow-
ered"” as described above.
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with high loads, only a few days per year, or
when there is a shortage of capacity due to un-
expected outages of base load or cycling units.

Gas- or oil-fired turbines are commonly
used for this purpose. Peaking units may be
the only type of capacity needed by some utili-
ties, particularly those that have built significant
amounts of base load capacity in the past and
are experiencing low load growth.

Gas- and oil-fired turbines initially built for
peaking purposes may be constructed so that
waste heat boilers and steam turbines can be
added later, turning the facility into a combined-
cycle configuration for use in serving cycling or
base loads.

Peaking units may also be built by electric
utilities or by independent power producers.

Co-Generation and Self-Generation

Gas-fired electric generating units may
be built by commercial or industrial facilities
in a cogeneration configuration or solely as
electric generating units to provide needed
power (perhaps with the sale of excess power
to an electric utility). As indicated earlier, co-
generation and self-generation by commercial
or industrial facilities are covered in other
chapters of this report.

Repowering Uncompleted or Retired
Nuclear Generating Units

Nuclear generating units that were not
completed or have been retired offer another
potential opportunity for increased gas use. In
such cases, gas turbines and waste heat boil-
ers, arranged in a combined-cycle configura-
tion, could be used to drive steam turbines and
generators originally built for the nuclear
plants.

Wide Variation from Site to Site in
the Potential for Gas Use

Current and potential gas demand varies
widely among the regions of the country for
mary reasons such as distance from gas supply
sources, availability and cost of existing trans-
portation and distribution systems, and avail-
ability and cost of competing energy sources.
In addition, the NPC has found that the oppor-
tunities for the use of gas and its relative eco-



nomic favorability vary widely among sites,
particular applications, and particular situa-
tions of the organizations that own or operate
the facilities. In addition, perceptions as to fu-
ture gas supply availability and prices have an
important impact on choices among fuel
sources made by electric generators.

Generalized analyses!0 of the relative
economic advantages of gas vs. other fuel
sources are valid only as indications of poten-
tial competitive position. Actual fuel choice
and facility investment decisions must take
site-specific factors into account. Because of
the importance of site and application-specific
factors, Attachment #3 to this chapter identifies
many of the factors taken into account by an
electric generator when making choices
among energy sources for new facilities or the
repowering of existing facilities.

Key Developments Affecting the
Potential for Increased Use of Gas
in Electric Generation

A number of developments in recent years
have contributed to increased interest in rely-
ing more heavily on natural gas for electric
generation.

Developments Important at the
National Level

At the national or public policy level, key
developments that tend to encourage in-
creased use of gas include:

Clean Air Act requirements. Stringent re-
strictions have been imposed on emissions of
sulfur dioxide, oxides of nitrogen, and particu-
lates from new and existing generating units by
the Clean Air Act (CAA), particularly as that Act
was amended in 1990. Also, increasingly strin-
gent state air quality requirements are being
imposed as a part of state air quality imple-
mentation plans (SIPs) and at the same time
states grant permits for modifications of gener-
ating units. In accordance with the “acid rain”
provisions of the 1990 CAA amendments, elec-

10 Generalized analyses are often based on “aver-
age” costs (i.e., averages of fuel cost, fuel transportation
costs, capital costs, non-fuel operating and maintenance
costs) that do not reflect site-specific variations that gen-
erally are critical when malking fuel choice or capital in-
vestment decisions.

tric utilities must reduce sulfur dioxide emis-
sions by about 8 million tons nationwide (or ap-
proximately half of the level of sulfur dioxide
emissions in 1985). These reductions will be
achieved either by installing flue gas scrub-
bers, switching from high to lower sulfur coal,
or using gas or low sulfur oil along with coal
(referred to as “co-firing” or “reburning).

Concern about global climate change
and “greenhouse gasses.” Growing public
concern about potential global climate
changes and *greenhouse gasses” has led to
increased interest in natural gas, which results
in less emission of carbon dioxide (CO2) and,
potentially, nitrogen oxides (NOx) than other
fossil fuels.

Repeal of Fuel Use Act prohibitions. Pro-
hibitions in the 1978 Powerplant and Industrial
Fuel Use Act against using natural gas in exist-
ing industrial and electric generating facilities
or building new gas-fired facilities have been
substantially repealed. Those restrictions were
based on a belief, now recognized as incorrect,
that the nation was in danger of running out of
natural gas.

Gas prices. Natural gas wellhead prices
and oil prices have proven to be much lower
than projected in the late 1970s when the Natu-
ral Gas Policy Act (NGPA) was passed. Even
though prices have been low, supplies have
been plentiful and the outlook is favorable for
adequate long-term supplies and competitive
prices.

Less risk of overruns. Gas-fired
combined-cycle and combustion turbine units
tend to have less risk of cost overruns that often
occurred in the case of large coal and nuclear
generating units in the 1980s. Gas-fired units
have less risk of overruns because a large
share of the total capital cost is in standard
manufactured items that do not require much
field assembly. The units tend to have shorter
construction times, more standard components,
and, often, prices arranged largely in advance
with the manufacturer.

State “environmental externalities” re-
quirements. Several state regulatory com-
missions and siting boards have begun re-
quiring that electric utilities take
“environmental externalities” into account
when developing their Integrated Resource
Plans. Requirements vary from state to state,
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but “externality” requirements generally re-
sult in an advantage for natural gas compared
to other fossil fuels, but a penalty compared
to conservation and renewable energy
sources.

Public opposition in some regions to
coal-fired facilities. In some regions, opposi-
tion to the construction of new coal-fired facili-
ties or the conversion of existing industrial or
electric generating facilities to use coal have
effectively prevented increased use of coal and
given gas an advantage.

Declining expectations for nuclear
power. Strong public opposition to nuclear
power plants and concern about nuclear waste
has reduced expectations as to the future con-
tribution of nuclear power as a potential source
of energy for electric generation.

Concern about reliance on imported oil.
Concern about reliance on imported oil and
“vulnerability” to oil supply disruption has con-
tinued to be the rationale cited by the Depart-
ment of Energy and many special interest
groups to support proposed actions that might
have the effect of shifting energy use to domes-
tic sources (such as natural gas, coal, or nu-
clear energy) or reducing energy require-
ments by improving efficiency of energy use.

Reduced concern about long-term ade-
quacy of gas supplies and rapid increases in
gas prices. Several developments have tended
to reduce the concern among electric genera-
tors and regulators about the adequacy of long-
term gas supplies or the possibility of sharp
prices increases, including:

* Continuing adequacy (or excess) of gas
supplies, gas-on-gas competition, and rel-
atively low prices

* Continuing moderate prices for other
fuels with which gas will compete, includ-
ing coal and oil

* Studies by and for the U.S. Department of
Energy and the National Petroleum Coun-
cil showing higher estimates of the U.S.
natural gas resource base

* Continuing replacement of production
(i.e., little or no decline in reserve to pro-
duction ratios) even with lower levels of
U.S. gas drilling activity
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* Improvements in technology for finding
and producing natural gas and lowering of
estimates of cost of replacing reserves

* Slower growth in the demand for gas than
had been expected due to slow economic
growth and to continuing improvements in
energy efficiency, thus relieving some
concerns about gas demand outstripping

supply.

Changes in pipeline regulation.
Changes in Federal Energy Regulatory Com-
mission (FERC) regulation of interstate
pipelines, including “open access” regulations
and approval of additional pipeline capacity
expansion projects has made gas more readily
available in areas and to users not previously
considering gas. The net impact of FERC Or-
ders 636 and 636A, which call for the restruc-
turing of interstate pipeline activities, is not yet
clear, but the FERC's policy of encouraging
competition is favorably regarded. The FERC's
intent is apparently to lower the price of gas to
customers who do not require service during
peak periods. This may help electric genera-
tors that have access to and capability to use
interruptible gas. However, firm transportation
service may be more costly.

Developments Important at the Site or
Facility Level

Some developments favoring increased
natural gas more directly affect specific facili-
ties or sites. Examples include:

High efficiency gas-fired turbines and
combined-cycle generating facilities. Ad-
vances in gas-turbine technology and metals
(particularly from aircraft engine technology)
and the development of gas-fired combined-
cycle generating units have made it possible to
generate electricity with gas with substantially
higher efficiency than is possible with com-
mercially available coal-fired generating units.

Lower capital and non-fuel operating
costs. Capital and non-fuel operating costs are
lower for natural gas-fired generating units than
for comparably sized coal-fired units.

Modularity. Gas-fired generating units,
particularly in combined-cycle configurations,
can be built as modules (one or two gas tur-
bines, followed by a waste heat recovery boiler
and steam turbine), making it easier to add



generating capacity as electricity demand in-
creases—as opposed to building a large incre-
ment of coal-fired capacity.

Shorter construction time. Gas-fired gen-
erating units can generally be built more
quickly than coal-fired units.

Less neighbor, community, and “public
interest group” opposition and potentially
shorter permitting time. In many regions, gas-
fired facilities tend to attract less opposition
from neighbors, communities, and “public in-
terest groups.” Such lower opposition tends to
translate into less opposition from media and
political leaders and, potentially, to less delay
for facility owners and developers in obtaining

the dozens of permits that are usually required.

Lower emissions and less waste. Gas-
fired facilities emit virtually no sulfur dioxide,
much less carbon dioxide and potentially less
nitrogen oxides than coal- and oil-fired facilities
using the same amount of energy. Also, gas-
fired facilities produce substantially less waste
(e.g., ash, sludge from scrubbers) than coal- or
oil-fired facilities.

Emergence and growth of independent
power producers. IPPs that produce and sell
power on a wholesale basis to electric utilities
have tended to select natural gas more often
than other fuels. The selection of gas over
other fuels, particularly coal, is heavily affected
by such factors as:

* Economic size of the facility (particularly
for cogeneration)

¢ Likelihood that the facility will be built at a
new generating site and thus the devel-
oper has the option of selecting a site near
an adequate gas pipeline or other gas
supply source

* Unlike a traditional electric utility, the IPP
developer does not have the option of tak-
ing advantage of economics of building
another unit at an existing site (which is
important when coal is an option)

* The availability of sites close to gas
pipelines
* Opposition in some regions where addi-

tional generation is needed to coal-fired
facilities

* The likelihood that a NUG facility will be at
a new site (not an existing generating site)
and it is easier to obtain permits for a gas-
fired facility

* Shorter construction time and other factors
favoring gas listed earlier in this section.

Developments Tending to Retard the
Demand for Electricity, New Generat-
ing Capacity, and Energy Needed for
Generation

While the factors described above have
contributed to a strong potential for increased
use of gas in electric generation, other factors
tend to retard growth in demand for electricity
and the need for new generating capacity, thus
holding down the size of the market for which
natural gas will be competing. These factors
include:

Slow economic growth. Electricity de-
mand growth has tended to parallel economic
growth more closely than has demand for pri-
mary energy sources such as oil, coal, and nat-
ural gas. The weak state of the U.S. economy
during the past two years has undoubtedly
contributed to slower growth in electricity de-
mand.

Conservation and load management.
Many electric utilities—particularly in the
Northeast and on the West Coast—have under-
taken ambitious Demand Side Management
programs. These programs typically are de-
signed to encourage customers to use less
electricity or to use it more efficiently (i.e.,
“conservation’) and, in some situations, to re-
duce peak demand (i.e., load management).
These programs are spreading to other areas
and are likely to have a major impact on the
rate of growth in demand for electricity.

Integrated Resource Planning (IRP) re-
quirements. Electric utilities in more than 30
states now must comply with some kind of re-
quirement to develop “Integrated Resource
Plans” IRP requirements are having a major
impact in that they are encouraging adoption of
energy efficiency, conservation, and load man-
agement activities (“demand-side’) by electric
utilities. Such demand-side activities reduce
the rate of growth in overall demand and peak
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demand for electricity, the need for new gener-
ating capacity, and fuel to generate electricity.
The impact of IRP requirements is likely to in-
crease as such requirements spread to more
states and utilities. (More details on electric
utility IRP requirements are included in Attach-
ment #4 to this chapter.)

Energy efficiency standards and regula-
tions. Statutes and regulations adopted by the
federal and state governments have stimulated
energy conservation and greater efficiencies,
such as standards for electrical appliances
and for insulation. The cost-effectiveness of
this approach is and will remain open to ques-
tion but the impact is likely to include in-
creased efforts to develop more energy effi-
cient products.

Improvements in technology for conser-
vation and energy efficiency. Improvements in
technologies for energy conservation and en-
ergy efficiency, stimulated in the late 1970s by
higher oil prices, have continued and ex-
panded. Even though prices have moderated,
technological improvements are continuing be-
cause of the stimulus provided by electric util-
ity demand-side programs and federal and
state energy efficiency standards and regula-
tions. Electricity demand is being held down
by products with improved energy efficiencies
now on the market such as improved light
bulbs and ballasts, variable speed motors, ap-
pliances, insulation, windows, doors, and other
building materials.

Change to less energy-intensive U.S. in-
dustrial mix. The continuing trend in the
United States toward a less energy-intensive
mix of industrial activities is also tending to
slow growth in demand for electricity.

Increasing output of existing generating
facilities. Even when electric utilities are
faced with the need for additional generating
capacity, they often have options that may be
less costly than building new generating ca-
pacity. These include capital and operating
and maintenance (O&M) expenditures to ex-
tend the lives or increase the availability of ex-
isting facilities, and increasing generating ca-
pacity as a part of actions to repowering
existing facilities. Utilities may also decide to
buy power from other utilities that have excess

capacity.
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CHALLENGES THAT MUST BE
OVERCOME AS THE ROLE OF
NATURAL GAS IN ELECTRIC
GENERATION INCREASES

While many important developments are
working to increase interest in the use of natural
gas in electric generation, important chal-
lenges must be overcome before the objective
of substantially increasing the role of natural
gas in electric generation can be fully realized.
This section of the report outlines those chal-
lenges.

While many obstacles have been identi-
fied, the NPC has not found any obstacles that
are not being or cannot be overcome. The ob-
stacles could be overcome more quickly—for
the benefit of electric and gas customers and
the environment—through concerted effort by
organizations in the gas and electric generation
industries; local, state, and federal government
agencies; and organizations representing envi-
ronmental and consumer interests.

Adjusting to the Changing Struc-
ture of the Gas Industry and
Changing Electric Generation
Markets for Natural Gas

Changes in statutes, 1! regulations, and en-
ergy markets have had a major impact on the
natural gas industry during the past 14 years
and more changes are underway. As a result of
the changes, many individuals and organiza-
tions in the gas industry have new roles and re-
sponsibilities, new markets, and new cus-
tomers whose concerns, needs, and
expectations must be understood.

The adjustment process is underway, but
will have to be pursued aggressively by organi-
zations in the gas industry if gas is to realize its
market potential.

The information in this chapter is intended

to help individuals and organizations that wish
to improve their understanding of potential de-

11 Icluding particularly the Natural Gas Policy Act
(NGPA), The Powerplant and Industrial Fuel Use Act
(PIFUA), and the Public Utility Regulatory Policy Act
(PURPA), all passed in 1978 and all having important im-
plications for gas demand.



mand for natural gas in electric generation. It
also provides recommendations on ways to ac-
celerate the adjustment process through ac-
tions by organizations in the gas industry and
other parties.

Incomplete Gas Industry Understand-
ing of Potential Markets in Electric
Generation

Organizations in the gas industry that may
wish to sell or transport natural gas to electric
utilities may not understand electric utility deci-
sion processes or the factors affecting making
fuel choices.!2 Some in the gas industry be-
lieve that electric utilities have a “coal bias”
and/or favor selection of coal-fired facilities be-
cause they have higher capital cost and thus in-
crease the utilities rate base. This view is
sharply disputed by representatives of electric
utilities who believe some in the gas industry
are laboring under false impressions as to
which factors are important in fuel choice deci-
sions.13 Because of incomplete understanding
of electric generation markets and decision
processes, economic analyses of fuel choice
decisions now being prepared by organiza-
tions wishing to sell or transport gas to electric
utilities may miss important considerations.

Further, the NPC Study Focus Groups re-
vealed a strong view among electric genera-
tion executives, fuel buyers, and regulators that
organizations in the gas industry need to be
more aware of and responsive to potential cus-
tomers' needs.

Attachments #3 and #4 to this chapter
provide additional information, respectively, on
factors (including site-specific factors) that are
likely to affect fuel choice decisions and addi-
tional information on the electric generation in-
dustry such as key developments, planning
processes, power pools, and “economic dis-
patch” of generating units.

12 &5 indicated earlier in this report, major
changes in regulation in the natural gas industry, particu-
larly interstate pipelines, have changed roles. For exam-
ple, gas producers who once sold only to pipelines, now
have an opportunity to sell to end users.

13 See Attachment #4.

Incomplete Electric Generation In-
dustry Understanding of Potential for
Using Gas

Electric generators may not be sufficiently
familiar with the potential for using natural gas
for electric generation. Use of natural gas by
electric utilities has largely been confined to six
states (Texas, Louisiana, Oklahoma, California,
New York, and Florida). The practical effect is
that electric generators do not have the same
knowledge and familiarity with natural gas as
they do with oil and coal. In some cases, this
lack of familiarity undoubtedly contributes to
the concerns and perceptions of electric gen-
eration. (These concerns and perceptions are
discussed later in this chapter.)

Competition from Other
Energy Sources

Natural gas has a number of advantages
over other fossil fuels in electric generation
markets. However, the NPC also found that gas
will face stiff competition in electric generation
markets from coal, oil, renewables and, in
some regions, from excess nuclear and coal-
fired generating capacity. These factors are
discussed below.

Coal

Natural gas will face stiff competition from
coal in large areas of the United States!4 be-
cause:

* Coal-fired generating units equipped with
available pollution control equipment can
meet existing environmental requirements

* Coal-fired generating units that can be lo-
cated near coal-producing areas gener-
ally can obtain coal at prices below the
national average delivered costs for coal
(which includes higher transportation
costs)

14 From Arizona, Nevada, and Montana on the
West, Canada on the North; Western New York, Pennsyl-
vania, possibly Western parts of Maryland, Virginia, the
Carolinas and Georgia, and Florida on the East (also,
some coal-fired generation is still planned for Maryland,
New Jersey, and Delaware); and the Gulf of Mexico on
the South. Ground-breaking was recently announced for
a 150-megawatt coal-fired generating unit in Mas-
sachusetts which, heretofore, had been considered un-
likely to accept construction of any coal-burning facility.
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* Coal prices have been going down, even
in current dollar terms, particularly be-
cause of new technology and higher mine
productivity. New contracts are being
signed at prices lower than existing con-
tracts and high sulfur coal prices are likely
to continue falling in most areas

* Rail transport costs have been going down
inreal terms

* Cenerating plants with water delivery for
coal can take advantage of competition
among ship and barge owners or buy
their own vessels to control ship and
barge transportation rates

* Some organizations operating electric
generating units prefer coal (or oil) be-
cause they can be stored on site:

- Giving the electric generator the op-
portunity to optimize transportation ar-
rangements and costs

— Providing more ‘“‘comfort” because the
fuel supply (coal or oil) is on site and
under the generator’s control—com-
pared to a pipeline connection to an off-
site gas supply that is under someone
else’s control.

* Some states with indigenous high sulfur
coal are concerned about the potential
adverse economic impact of the loss of
coal mining jobs and are strongly urging
electric utilities to install scrubbers and
continue use of high sulfur coal rather than
switch to lower sulfur coal or gas.

In addition, some potential electric gen-
eration users of gas are concerned that there is
greater uncertainty about future natural gas
prices than about coal prices. They appear to
be concerned about the adequacy of gas sup-
plies and fear that gas prices will increase
rapidly if shortfalls occur. Expectations that
gas prices will rise much faster than prices for
competing energy sources—whether correct
or not—can, in economic evaluations, offset
the economic benefits of the efficiency, capital
and O&M cost and other economic advan-
tages of gas.

Further, coal producers and transporters
tend to have an excellent understanding of
electric generation markets (their largest mar-

96

ket, by far) and working relationships with elec-
tric generation customers. Coal producers and
transporters have departments and staffs spe-
cializing in service to electric generators, and
tailor contracts and service to the needs of
their electric generation customers. Also,
many coal contracts have clauses that invoke
price reductions when bonafide offers exist for
alternative supplies of comparable coal.

Oil

The electric utility industry has sharply re-
duced its use of oil since the high levels of the
late 1970s, specifically from an average of
1.742 million barrels per day in 1978 to 506
thousand barrels per day in 1991. Some addi-
tional reductions can occur as electric utilities
add gas-burning capability in existing oil-fired
units or repower existing oil-fired units using
gas. The potential for such actions depends
heavily on the availability of gas transportation
capacity, the cost of building additional gas
transport capacity, utilities’ perceptions of fu-
ture gas prices (wellhead and delivered), and,
potentially, environmental requirements. Some
existing oil-fired generating units are too re-
mote from pipelines to permit economical use
of gas and probably will remain on oil.

A substantial amount of generating capac-
ity has the capability to use either oil or natural
gas. The choice as to fuel used actually de-
pends on which fuel has the lowest delivered
price on any given day, which, in turn, often de-
pends on the availability of low cost interrupt-
ible gas transportation capacity. When deliv-
ered gas prices are lower than delivered oil
prices (usually residual oil), gas is likely to be
used. When delivered oil prices are lower, oil
is likely to be used.

In addition, a substantial amount of oil-
fired steam-generating capacity remains avail-
able for use in some regions if and when
needed. When the incremental costs (which
consist primarily of the delivered cost of the oil)
are higher than other available generating
units, these units tend to be used as “cycling”
or intermediate load units. Oil-fired peaking
units (turbines or internal combustion), which
typically use #2 oil, generally are run (dis-
patched) only to serve peak electricity de-
mand.



Renewables

Renewable energy sources for electric
generation include hydro power, geothermal,
solar, wind, and biomass. Hydro provided 9.8
percent of the energy used by electric utilities
in 1991, and other renewables, combined, pro-
vided 0.4 percent. Relatively little expansion in
hydro power is likely, but advances in technol-
ogy may help other sources.

Natural gas will face competition from re-
newable energy sources because these energy
sources (like conservation) have less adverse
environmental impact than generation with gas
or other fossil fuels. In addition, newly passed
energy legislation provides valuable tax incen-
tives for using renewable energy sources.
Some utilities are deploying small increments
of advanced renewable technologies to test
their viability. This market is helping to lower
production costs for these technologies and
make them more competitive. In some states,
electric utilities are being strongly encouraged
to increase the share of renewables in their
generation mix by aggressive environmental
and public utility regulatory authorities, state
siting boards, and state legislators.

Competition from Existing Generat-
ing Capacity in Areas with High Re-
serve Margins

Several important areas of the country
with substantial nuclear and coal-fired capacity
in place have very high reserve margins, In
areas with high reserve margins, some coal-
fired units are not run at full capacity. Power
from these facilities and from nuclear facilities
in high reserve areas is available to sell to
other utilities at very low rates. In these areas,
new gas-fired generation is unlikely to be more
economical than buying power available from
existing nuclear and coal-fired generating units.

Much of the nation's coal-fired capacity
has been built since new source performance
standards were put in place in the 1970s and
will be largely unaffected by the “acid rain”
provisions of 1990 Clean Air Act Amendments.
These units could be affected by nitrogen ox-
ide (NOx) requirements now being considered
for some areas of the country. (Gas-fired plants
may also be affected by new NOx require-
ments.) Much of the nuclear and coal-fired ca-
pacity in areas with very high reserve margins

‘was built or committed to during periods when
electricity demand was expected to grow more
rapidly than has actually occurred.

Restrictions on the Use of Back-Up
Fuels

In some states, regulators (usually envi-
ronmental agencies or siting boards) have im-
posed limits on the use of back-up fuels for
electric generating units—either by prohibiting
use of a back-up fuel (e.g., in California), re-
stricting the number of days, or sharply limiting
the conditions (e.g., in Rhode Island) under
which the gas-capable facility may be switched
to its back-up fuel (usually #2 oil).

Such limitations can result in higher than
necessary costs for both electric and gas cus-
tomers. That is, they prevent electric utilities
and LDCs from working together to share
pipeline capacity and gas supplies in a way
that would give an LDC'’s “core” customers pri-
ority access to gas supplies on very cold days,
while allowing the generating unit to use its
back-up fuel. If prevented from shifting to a
back-up fuel in such situations, the electric
generator with firm pipeline capacity would
have to continue using gas. To satisfy its cus-
tomers' peak demands, the LDC will often have
to use a high cost “peak shaving” fuel (e.g.,
LNG or propane air), with the gas customers
paying the required higher cost.

Such limitations also have the effect of in-
creasing the cost of gas transportation facilities
serving the region if optimization of load, such
as that described above, is prevented.

In addition, if the pipeline capacity serv-
ing a region is limited, unnecessary prohibi-
tions on the use of a back-up fuel may prevent
a utility or power pool from dispatching—or
even counting upon—an otherwise econornical
generating facility on very cold days.

Gas Industry Responsiveness to
Customers

The National Petroleum Council has
learned, and the NPC's Focus Group studies
confirm, that organizations in the gas industry
(producers, marketers, pipelines, and LDCs)
are perceived as not having an adequate un-
derstanding of their downstream customers
needs, concerns, and expectations and are not
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being sufficiently responsive to them. In short,
they are perceived as not having a “‘customer-
oriented culture.”

The perceptions about gas industry atti-
tudes towards customers appear to be due in
part to major changes in regulation and a lack
of marketing experience. Participants are still
adjusting to their new roles and responsibilities
in a more competitive era.

Changes in attitude appear to be occur-
ring. Some potential electric generation cus-
tomers that sought firm pipeline capacity in
the past perceived a lack of interest by
pipelines and LDCs in expanding pipeline ca-
pacity. Electric generators who are interested
in gas use are seeking responses from
pipelines and LDCs that indicate “if you want
to use (or increase use) of gas, we will work
with you and our other customers to find the
most efficient, lowest reasonable cost way of
delivering gas to you.”

As indicated earlier, most past gas use for
electric generation has occurred in six states.
Gas and electric industry relationships have
worked out in those cases and undoubtedly
can work in other areas where there is a poten-
tial for increased gas use.

In the case of gas producers, some ap-
pear to have concluded that focus group and
customer criticism is accurate and have under-
taken efforts to improve their understanding of
markets and their responsiveness to customer
needs.

Electric Generators’ Concerns,
Perceptions, and Needs Thatthe
Gas Industry Will Have To Address

During the course of its activities, mem-
bers of the Demand and Distribution Task
Croup learned a great deal about the concerns
and perceptions of the electric generation in-
dustry concerning increased reliance on natu-
ral gas. This information was obtained through
participation in the Task Group and from pre-
sentations by representatives from the electric
generation industry, from the analysis or re-
ports and studies from a variety of sources, and
from reports from Focus Groups.

The concerns and perceptions of decision
makers in the electric generation industry,
whether accurate or not, will affect the potential
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for increased gas use and, therefore, must be
evaluated and addressed by those who wish to
increase the role of gas in providing energy for
electric generation. Ten major concerns are
described below.

Importance of Fuel Price
Expectations

Expectations as to future fuel prices are
particularly important in the electric generation
industry when investment decisions are made
that affect the amount and source of energy that
will be needed in the future. The decision may,
for example, involve the investments in energy
conservation and other demand-side activities,
in the purchase of electrical power from others,
adding capability to use another fuel, or in-
creasing generating capacity by building a
new unit or repowering, extending the life, or
increasing the availability of an existing unit.

Fuel price expectations affect the eco-
nomic calculations that underlie the investrent
decisions. Depending upon the organization in-
volved, the sources of information on which ex-
pectations are based may include highly so-
phisticated internal studies, consultant-provided
information and analyses, commercially avail-
able or government published fuel price fore-

.casts, and, perhaps, information obtained at

random from general and trade press stories.

Regardless of the source, information on
fuel price expectations has an important effect
on electric generators' fuel choice and other in-
vestment decisions. When the decision in-
volves a capital investment, the impact is likely
to be long-lasting (e.g., the choice between a
coal-fired or gas-fired generating unit).

Importance to Electric Generators of
the Delivered Price of Fuel

Investment decisions, customers bills,
and prudence of fuel buying. For most deci-
sions that are affected by fuel price expecta-
tions, it is the delivered price of fuel that is of
primary importance; i.e., the cost of fuel at the
wellhead, mine, or refinery, plus the cost of
transporting the fuel to the site of the generat-
ing unit. Estimates of the delivered price of
fuel must be used in economic analyses of al-
ternative investment decisions (including both
demand- and supply-side investments). The
actual delivered cost of fuel is the cost that



electric customers see in their monthly bills,
and it is the actual delivered cost that will be
evaluated at some point (after the fact) by a
utility commission to determine whether the
electric utility has been prudent in its fuel pro-
curement actions.

Economic dispatch. One important point
where a cost other than full delivered fuel cost is
used is when hour-by-hour, minute-by-minute
decisions are made as to which generating
units should be run (i.e., “dispatched”) to
serve the electric demands being made at the
time. Electric utilities and the power pools in
which they participate seek to dispatch—as
electric demand increases and decreases—
those generating units that will provide electric-
ity at the lowest cost to customers; thus the
term “economic dispatch.”

The important factor for “economic dis-
patch” is the incremental cost of running a gen-
erating unit. In general, “incremental cost”
refers to the difference in costs being incurred
when a unit is being run vs. the costs when itis
not being run. Incremental costs do not in-
clude, for example, fixed capital costs, O&M
costs (such as wages and salaries of people
who are needed whether or not a generating
unit is run) or fixed fuel transportation costs. In
the case of most generating units, fuel costs
make up the overwhelming share of incremen-
tal costs. This explains why hydro and nuclear
units tend to be dispatched ahead of fossil-
fueled plants. The incremental cost of running
a fossil-fueled plant often changes from day to
day as fuel prices change. Generally, demand
charges associated with natural gas would not
be a part of incremental costs if they must be
paid whether or not a gas-fired generating unit
is being run to produce electricity.

Adequacy of Future Gas Supplies and -

Concern that Gas Prices Will Rise
More Rapidly than Coal Prices

Despite market and technology develop-
ments and regulatory changes of the past 10
years, and recent information about the nation’s
natural gas reserve base and availability of im-
ports, some potential electric generator users
of gas are concerned that gas may not be avail-
able on a long-term basis for use in electric
generation and/or that its price will increase

more rapidly than coal prices. These concerns
are the result of such developments as:

* Emphasis in the 1970s on reserve-to-
production ratios as an indicator of po-
tential future gas availability

* Federal government policies of the late
1970s and the Powerplant and Industrial
Fuel Use Act of 1978 that restricted gas
use in existing generating facilities and
virtually prohibited building new gas-fired
generating facilities

* Statements and forecasts made from a va-
riety of sources that have suggested that
gas demand would increase, supply
would tighten, and prices would likely in-
crease sharply in the mid-1990s

* Media attention focused on the decline
from the 1981 peak in oil and gas ex-
ploratory drilling activity

* Actions in gas producing states to extend
the role of “prorationing,’ which gives the
appearance of cartel-like attempts to re-
strict production as a way of increasing
prices.

Focus Group reports suggest that some
LDCs and regulators are also concerned that
significant increases in gas demand for electric
generation may jeopardize supplies or con-
tribute to price increases for residential and
commercial customers who do not have readily
available alternatives. Concerns such as these
impede decisions to rely more on gas for elec-
tric generation.

Evaluation of Concerns About Future
Gas Supplies and Prices

The NPC concludes that the electric gen-
eration industry should take considerable com-
fort with respect to the adequacy of future gas
supplies from a variety of regulatory and mar-
ket developments during the past 10 years, in-
cluding:

* The demonstrated ability, during the past
15 years of the gas producing industry to
maintain reserve to production ratios of 9
or more to 1, despite increased gas con-
sumption and decreased drilling activities

* The technological advances in exploration
and production
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* The availability of competitively priced
imported gas, primarily from Canada

* The findings of the Source and Supply
Task Group concerning the U.S. natural
gas resource base and productive capa-
bility. (See Volume II, which reports on
the work of the Source and Supply Task
Croup.)

The NPC also concludes that concerns that nat-
ural gas will not continue to be priced competi-
tively are misplaced. Natural gas markets are
likely to continue being functioning, competi-
tive commodity markets. Forces at work to
keep gas prices in line with competing energy
sources include:

* Direct competition with other gas in end-
use markets (i.e., gas-on-gas competi-
tion).

* Pipeline-on-pipeline competition in re-
gions served by two or more pipelines.

* Competition among LDCs and among end
users with pipeline capacity or supplies
excess to their needs if capacity reassign-
ment measures work effectively and if
pipelines allow LDCs and end users deliv-
ery point flexibility.

* Competition at the point of energy con-
sumption with other energy sources and
with conservation—as noted earlier.18

* Future gas prices will be affected by the
supply and demand for gas and the sup-
ply. demand, and price of competing en-
ergy sources.

* Gas prices at the burnertip are effectively
constrained by competition for markets in
which end users have the capability to:

— Switch among fuels (e.g., industrial and
electric generation facilities that can
switch among natural gas, oil, and/or
coal) to get the lowest price, or '

18 The relationship of delivered prices for fuels is
an important (but not necessarily the controlling) factor in
energy choices made by users. Other factors vary
widely among energy users but generally include capital
cost tradeoffs, site specific considerations such as avail-
ability and cost of transportation, public and political ac-
ceptance, regulatory requirements, and perceptions of
future fuel availability and prices.
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- Dispatch electric generating facilities
that have the lowest incremental
(largely fuel) costs.

In effect this means that delivered cost of
gas to an end user is often constrained
by marginal costs of competing fuels in
the electric generation and industrial
sectors.

* Gas for industrial and electric generation
markets must be price competitive. Buy-
ers for these organizations are sophisti-
cated and effective in creating and taking
advantage of competition among energy
sources and fuel suppliers.

* While natural gas may have environmental
advantages over other fossil energy
sources, those advantages are taken into
account in the price that gas can com-
mand in competitive markets. Gas does
not get an additional premium because of
environmental or other advantages.
(However, some states have proposed
“environmental externality” requirements
that would give an advantage to gas over
other fossil fuels.)

* The emergence of an active gas futures
market, together with changes underway
in regulation of gas transportation, have
added and will continue to add “trans-
parency” to the gas prices.

* The emergence of futures markets has
also provided a way for producers, mar-
keters, LDCs, and end users to reduce
price risks.

Adequacy of Pipeline Capacity and
Market Area Storage

In some regions, absent or inadequate
pipeline capacity has been a major deterrent
to increased gas use. Building of interconnec-
tions, and expansion of capacity into California
and the Northeast appears to have relieved
many concerns about pipeline capacity into
major using areas. Major growth areas, such as
Florida, appear to need additional capacity and
more may be needed in the Northeast if sub-
stantial new gas-fired electric generating ca-
pacity is constructed, existing units repowered,
or gas-burning capability is added to existing
units.



Additional market area storage is being
constructed in some regions, though the North-
east (and particularly New England) has little
or no storage because of high costs and physi-
cal limitations (geology) on availability of ac-
ceptable sites.

The Demand and Distribution Task Group
notes that the Transmission and Storage Task
Croup has addressed these issues in detail and
concluded that construction of additional
pipeline capacity and storage is well within the
financial capability of the industry. (See Vol-
ume IV for the findings of the Transmission and
Storage Task Group.)

Questions do remain as to the availability
of suitable sites for market area storage in some
regions and the cost and allocation of cost for
both existing and new pipeline capacity, a topic
that is discussed in more detail below.

Potential for Short-Term Interruptions
in the Delivery of Gas Supplies at
Point of Use

Some potential electric generators are
concerned about unexpected short-term inter-
ruption of gas supplies. More specifically the
concerns are directed towards:

* Unexpected interruptions of gas supplies
or transportation service (including firm
service) due to unplanned outages of
pipelines or compressors, and to well
freeze-ups and

* Government (regulator) actions that may
direct that available gas supplies, even
when firm transportation has been con-
tracted for, be reserved for core residen-
tial and commercial customers, for exam-
ple, during periods of extremely cold
weather.

These concerns about the potential for
short-term interruptions or curtailments ap-
pear to come from:

* Memories of curtailments inthe late 1970s
(even though those were due to distor-
tions introduced by wellhead price regu-
lation) and in December 1989 (due to pro-
longed cold weather) and

* Perceptions that existing regulations re-
quire that core customers have priority for

gas service when some users must be de-
nied service.

The potential for interruption of gas deliv-
eries makes it necessary to have an alternative
fuel burning capability as a back-up. This in-
creases costs.

Representatives of the electric generation
industry have also expressed the view that the
gas pipeline and LDC-owned systems do not
seem to have:

¢ As much “redundancy” (to protect against
interruptions) as is typical among electric
utilities or

* As complete inter-company coordination
of operational and contingency planning
as is typical in the electric utility industry:

The gas pipeline segment of the gas in-
dustry points out that it has recognized the con-
cern over curtailments and has acted to in-
crease reliability through the construction of
additional pipeline capacity, pipeline intercon-
nections, and gas storage facilities. The De-
mand and Distribution Task Group notes that
the Transmission and Storage Task Group has
given considerable attention to reliability is-
sues. (See Volume IV)

Ability of Gas Pipelines and LDCs to
Deliver Gas in the Volumes, Pres-
sures, and Sharp Changes in Volumes
Required for Newer Generating Units

Representatives of the electric generation
industry have expressed the view that
pipelines and LDCs in some regions, even with
storage, line pack, and available compressor
capacity, would need to upgrade pipeline sys-
tems significantly in order to meet electric gen-
erators’ requirements. Peaking and combined-
cycle generating units with gas turbines often
require high gas pressures (350 pounds per
square inch or above) and large volumes of
gas, and must start up and shut down with little
or no notice.

_ Such requirements are understood and
routinely satisfied in regions with experience in
using gas for electric generation. However, the
concerns remain in other regions with less ex-
perience with gas use where there may be op-
portunities to increase the use of gas to gener-
ate electricity.
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The Electric Power Research Institute
(EPRI) recently issued a report based on the
work of a team that has been studying the is-
sue.lé (The study team had an advisory com-
mittee consisting of representatives from elec-
tric utilities, independent power producers,
local gas distribution companies, and gas
pipelines.)

In addition:

* A study of similar issues is underway in
New York state in the form of a coopera-
tive effort between the New York Power
Pool and the New York Gas Group.1?

* A study and analysis effort is underway in
New England involving electric genera-
tors now using or planning to use signifi-
cant quantities of gas, LDCs, pipelines
serving the region, and the New England

16 Natural Gas for Electric Generation: The Chal-
lenge of Gas and Electric Industry Coordination, Final Re-
port, September 1992, prepared for the Electric Power
Research Institute. Principal investigators were W. R.
Hughes, Charles River Associates Incorporated; S.
Thumb and J. Stamberg, Energy Ventures Analysis Incor-
porated; and]. Jensen, Jensen Associates Incorporated.

17 Reliability of Gas Supply for Electric Generation,
Phase I—Steady State Conditions, Draft of October 4,
1991, New YorkPower Pool and New York Gas Group.

Power Pool (NEPOOL). This effort is be-
ing supported financially by the EPRI.18

From an operational point of view, this is-
sue has several important aspects:

Limited experience with using gas in
electric generation in some regions. As
shown in Table 5-6, six states have accounted
for the overwhelming share of gas use by elec-
tric utilities. Other states have had limited ex-
perience with use of gas in electric generation
and, where it was used, it was often on an inter-
ruptible basis.

High gas pressure requirements. Gas
turbines, used for peak electric generation,
and gas turbines used in combination with
waste heat boilers and steam turbines in
combined-cycle configurations have relatively
high gas pressure requirements. Specifically,
according to the EPRI report:19

* Combined and simple cycle gas turbines
may require pressures of 400 pounds per

18 The Electric Power Research Institute is provid-
ing consultant assistance from Energy Ventures Analysis,
Charles River Associates, and Jensen Associates.

19 Natural Gas for Electric Generation: The Chal-
lenge of Gas and Electric Industry Coordination, op. cit.,
Pp- 3-3, 4-4, and 4-5.

TABLE 5-6
GAS USE BY ELECTRIC UTILITIES

1985 1990

State Quantity (BCF) % of U.S.Total Quantity (BCF) % of U.S. Total
Texas 1,198 39.3% 1,007 36.2%
Louisiana 285 9.4% 269 9.7%
California 666 21.9% 456 16.4%
Oklahoma 201 6.6% 169 6.1%
New York 173 5.7% 223 8.0%
Florida 166 5.4% 188 6.8%
Subtotal 2,688 88.3% 2,313 83.0%
All others 356 11.7% 473 17.0%
Total 3,044 100.0% 2,786 100.0%

SOURCE: U.S. Energy Information Administration, Natural Gas Annual 1990, Volume 2, DOE/EIA-0131(90)/2,
December 1991, Table 15 (pages 179 and 189).
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squaré inch (psi) and above, compared to
100 psi and below for steam-electric units

* These requirements have implications for:

— The design of pipelines and generating
facilities

— Locations selected for generating facili-
ties; e.g., capability of an existing
pipeline to serve the projected load, in-
cluding other customers that are or
would be served.

Short start-up times for some facilities.
According to the EPRI report, “Modern com-
bustion turbines can ramp up from start to full
capacity in about 10 to 20 minutes and ramp
down just as quickly:'20 Steam electric units
have much longer ramp up times and lower
pressure requirements, though steam electric
units maintained in “spinning reserve” (i.e.,
unit is hot and connected to the grid but not
taking load) “. . . can increase output . . . and
reach full capacity in 2 to 4 hours””

Large quantities of gas required com-
pared to existing loads. The quantity of gas
needed by large industrial and electric gener-
ating facilities may be very large compared to
the total capacity of the pipeline or LDC provid-
ing the gas to the facility. For example, the
EPRI report points out the following compar-
isons (approximate) of daily equivalent peak
LDC and generating plant gas loads:22

Million
Cubic Feet
per Day
Typical 36” pipeline 800
Washington Gas Light Company 550
Typical 16" pipeline ' 150
Brayton Point (MA) 430 mw gas
conversion 120
Providence Gas Co. (serving
Providence, RI) 100
Ocean State Power 470 mw
combined cycle 100
Typical 12" pipeline 90

20 Ibid, page 3-3.
21 Ipid, page 3-6.
22 pid, pages 2-9 and 2-10.

Wide fluctuation and quick changes in
amount of gas needed. In addition to the high
pressures and large quantities of gas required
for electric generation, such uses are likely to
require sharp changes and wide fluctuations in
the quantity of gas taken at any time. Gas-fired
generating units may be used in:

* Base load generation—which typically op-
erates a large share of the time.

- ® Intermediate or ‘cycling” load
generation—which typically operates dur-
ing heavy demand periods of the day and
week (perhaps from 8 a.m. to 4:30 p.m. on
work days, depending upon the tempera-
ture and the air conditioning load).

* Peak load generation—which operates
only at times of high demand, perhaps
running for only the equivalent of 4 days
per year.

Typically, electric generating units are
started up and shut down (dispatched) as the
demand for electricity dictates. Often the dis-
patching is computer controlled, with the
choice of unit based on the incremental cost of
running the unit (“economic dispatch”). The
principal element of incremental cost is incre-
mental fuel cost.

The important point is that gas-fired gen-
erating units—and, therefore, the quantities of
natural gas required—vary widely from hour to
hour, day to day, work day to weekend, season
of the year. Furthermore, the extent to which a
gas-fired generating unit will be called upon to
produce electricity depends upon other units
avallable—which varies from time to time be-
cause of both planned and unplanned outages.

In short, the quantity of gas required can
be “0" at one minute and, depending upon the
type and size of the gas-fired unit, at a rate of
100 million cubic feet of gas per day a short
time later! Inaddition to their own needs, elec-
tric generators are concerned that gas service
to residential and commercial customers might
be impaired if pipeline facilities are not ade-
quate to provide the volumes, pressures, and
variability in volumes that are needed for the
generating units, while also serving core gas
customers.

Arrangements for coordinating the
planning and dispatch of pipelines trans-
portation. The electric generating industry,
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in many regions, is characterized by *“‘power
pools” Under power pool arrangements, all
dispatchable electric generation is put under
the operational control of a dispatching cen-
ter controlled by the power pool—not the
company owning the generating equipment.

In general, the lowest incremental cost
generating units are run first—so that customer
costs are kept down. Savings from such pool-
managed economic dispatch of generating
units are shared among the customers of the
utility(ies) owning the generating units that are
dispatched and the utility(ies) needing the
electricity. This arrangement helps to keep
costs down because individual utilities do not
need to maintain back-up service for all their
own customers.

Representatives of the electric generation
industry have noted that there appear to be no
comparable arrangements among natural gas
pipeline companies for coordinated ‘“dispatch-
ing” of pipeline capacity with the objective of
reducing costs for customers.

Gas and electric industry coordination in
regions not accustomed to using large quanti-
ties of gas for electric generation. In six states
where gas has long been used in electric gen-
eration, arrangements have been worked out to
handle operational coordination—including the
wide swings in quantities of gas required, sud-
den changes and pressure requirements.
Areas served by a combination utility having
responsibility for providing both gas and elec-
tricity appear able to handle the needed coor-
dination. In other cases, close coordination be-
tween gas and electric industries have handled
the operational coordination.

Other than the analysis and coordination
efforts cited earlier, work does not appear to
be underway to assure that increased use of
gas in electric generation in other regions with
less experience in using gas for electric gener-
ation can be handled without jeopardizing ser-
vice reliability.

Importance of Gas Transportation and
the Cost of Gas Transportation

Pipeline transportation costs are a major
portion of the total delivered cost of natural gas
in many regions of the country. As indicated
earlier, delivered cost of fuels—not just the
wellhead or mine-mouth cost of fuel—are the
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important consideration for electric generators
making choices among energy sources. Deliv-
ered fuel costs—i.e., for coal vs. natural gas
and oil—are a particularly important consider-
ation when a decision is being made to con-
struct at a new site,23 a new base, or intermedi-
ate load electric generating unit, add natural
gas burning capability at an existing facility—
for fuel flexibility or environmental compliance
reasons; or repower an existing facility.

Current pipeline transportation costs and
the perception that such costs may be signifi-
cantly higher in the future can have a retarding
effect on the potential for increased natural gas
use in at least several ways:

Demand charges. Obtaining firm gas
pipeline transportation service for LDCs, elec-
tric generators, or industrial users often re-
quires signing long-term contracts with a com-
mitment to pay demand charges for a 15 or 20
year period, whether or not gas is used up to
the volume covered by the demand charges.
While this is a perfectly reasonable way to as-
sure that financing is available to pay for ex-
panded transportation capacity, the existence
of demand charges tends to cause concerns
among electric generators in three ways:

* High fixed commitment. Demand charges
represent a fixed comrmitment over a long
period, well beyond any reliable projec-
tions of future energy market conditions
and prices. In addition, rating agencies
are showing increasing tendencies to con-
sider long term contracts as liabilities to
be taken into account in setting bond rat-
ings. Thus, demand charges constitute a
long-term risk that must be taken into ac-
count.

* Potentially high unit cost when load factors
are low. The cost of the demand charge
per unit of natural gas actually used can
be high if the effective load factor (i.e., to-
tal share of contracted capacity that is rep-
resented by actual throughput) is low.
This can occur easily in electric genera-
tion, where the quantities of gas needed is
highly variable.

23z explained earlier in this chapter, considera-
tions are different when an option is available to build a
new generating unit at an exdsting site.



* Straight fixed variable (SFV) rate design.
Concerns about demand charges tend to
be greater in the case when rates are
based on straight fixed variable rate de-
sign (as opposed to modified fixed vari-
able) because a larger share of total costs
is reflected in the demand charges, exac-
erbating the concerns listed above.

Distance from pipelines and storage that
can provide quantities, pressures and variabil-
ity needed. The cost of gas transportation will
continue to depend heavily on the cost of build-
ing or upgrading the capacity to get gas to the
end user's facility. Distance, terrain, environ-
mentally sensitive areas (e.g., wetlands), histor-

ically important locations (e.g., archeological -

sites), and availability of or potential for storage
near the end user’s facility are, therefore, im-
portant considerations.

Potential for unex pected increases in gas
transportation costs after investment commit-
ments have been made for facilities that use
gas. Some electric generators are concerned
that gas transportation costs will increase sig-
nificantly and unexpectedly after they have
made substantial capital investments on the ba-
sis of lower expected transportation costs. Ex-
amples of this concern include:

* Incremental vs. rolled-in rates. The FERC's
decision to approve incremental rates for
pipeline transportation after the prospec-
tive gas user had made a substantial capi-
tal investment on the basis of an earlier
FERC decision that transportation rates
would be based on rolled-in costs.

* Costs and charges resulting from ‘Restruc-
turing”’ under Order 636. The policy ob-
jectives of FERC Order 636 are generally
perceived as contributing to competition
in the gas industry and thus are regarded
favorably by electric generators. How-
ever, some pending restructuring propos-
als have created concerns and added un-
certainty about gas transportation costs.
Proposals causing concern include those
dealing with:

— Allocation of “transition” costs (e.g.,
whether such costs would be allocated
to new users of gas for electric gener-
ation)

— Restrictions on receipt and delivery
points that would make it difficult for
electric generators to manage their gas
supplies and transportation capacity

— Tight tolerances and high penalties for
variations in the volumes of gas used
(electric generators have wide varia-
tions)

— Imbalance penalties

— Restrictions on the availability of sec-
ondary markets that reduce the ability
of electric generators to sell gas sup-
plies and/or transportation capacity to
others when not needed because gen-
erating units are not running (an impor-
tant need in order to help maintain high
load factors and hold down unit cost of
gas actually used)

— Allocation of storage capacity among
customers.

* Other rate increases and design changes.
Rate increases due to actual costs of ca-
pacity expansion exceeding pipeline
companies’ estimates, the reallocation of
pipeline or LDC costs from one customer
class to another—to either reduce or in-
crease the amount of cross-subsidies.

Potential for cross-subsidies. While
FERC restructuring efforts are designed to in-
crease competition, some portion of the
pipeline delivery of gas for electric generation
and, possibly, storage (if any) will remain a nat-
ural monopoly and be subject to regulation.
Where such situations exist, some electric gen-
erators are concerned that LDCs, gas
pipelines, or agencies regulating LDCs and
pipelines may conclude that the large users,
such as electric generators, should pick up a
larger than proportionate share of the costs, in
order to provide a cross-subsidy to “‘core” resi-
dential and commercial customers. Core cus-
tomers and regulatory commissions may be
concerned that cross-subsidies will flow in the
opposite direction.

Burden of the long-term obligation to
monitor pipeline and LDC rate cases. Since
transportation rates and terms of contracts for
transportation service can be changed by regu-
latory decisions (change in regulatory policy or
regulatory agency approvals of pipeline pro-
posals for changes in rates), electric generators
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must be prepared to take on the responsibility
to monitor rate and regulatory proceedings af-
fecting pipelines transporting the gas they use.
There is no directly comparable requirement in
the case of other energy sources.

Complexity of Buying and Transport-
ing Gas Compared to Other Fuels

Except for those with extensive experi-
ence, electric generators seeking to use gas
have indicated that arranging gas supplies and
transportation and administering those ar-
rangements is far more complex than arrang-
ing comparable quantities of coal or oil. The
Transmission and Storage Task Group is aware
of this problem and addresses it in Volume IV.

Gas Supply Contract Terms and
Conditions

Perceptions have existed in some organi-
zations (government and private sector) that
long-term contracts are essential to increased
use of gas in electric generation. The NPC has
found that interest in long-term contracts varies
widely among existing and potential electric
generation users of gas, and that electric gen-
erators have strong interests in gas supply con-
tract terms and conditions other than or in ad-
dition to length of contract. These include:

* Pricing terms and the basis for and fre-
quency of price adjustments as markets
for gas and competing fuels change

* Security of supply offered by the producer
or marketer

* Willingness of the supplier to agree to
variations in the amount of gas taken
(which depends upon generating unit
availability and need for its capacity which
will vary according to electricity demand).

Due to these concerns, some electric gen-
erators (and their regulators) may prefer short-
term contracts or spot purchases that track mar-
ket-based prices, as discussed below.

Widely differing interests in long-term
gas contracts. Views and interests in long-term
contracts depend upon one’s experiences,
needs, responsibilities, and perceptions of fu-
ture energy markets. The following examples
help illustrate the point.
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* Independent power producers often seek

long-term fuel and transportation con-
tracts because they often use project fi-
nancing and the financial institution in-
volved in the detail insists that the
developer have a fuel supply contract in
place that matches or comes close to the
period covered by the financing.

The IPP's views as to other terms of the
contract (e.g., pricing) will depend heavily
on terms of the power supply contract, i.e.,
the contract covering the sale of the power
to an electric utility. The price paid for the
electricity may, under some contracts, be
tied to a utility’s avoided cost or, more re-
cently, indexed to some measure of the
utility’s fuel cost.

Traditional electric utilities may or may not
be interested in a long-term contract.
The views will depend upon experience,
future market expectations, and tolerance
for risk. Electric utilities are responsible
to their customers for procuring fuel at
the lowest possible cost and their actions
are subject to regulatory review on a
post-audit basis, often long after the fuel
has been used. Fuel costs that are found
to be imprudent have to be refunded to
customers—with the costs borne by
shareholders.

Views about desirable contract length dif-
fer among traditional electric utilities. For
example:

- An electric utility that once held a long-
term coal contract with automatic price
escalation, or prices indexed to miners'
wage levels, or perhaps certain other
mining costs probably found that the re-
sulting price rose far above market
prices. This utility may be leery of any
long-term contracts with automatic
price escalation.

- An electric utility that believes energy
supplies are likely to be plentiful in the
future—with substantial interfuel com-
petition—may conclude that long-term
contracts are not a good way of keeping
fuel prices in line with current markets
unless the price is periodically adjusted
to market. Such a utility may prefer all
short-term contracts or a portfolio of



short-, medium-, and long-term con-
tracts and spot purchases.

- An electric utility concerned about fu-
ture supplies may conclude that it is re-
ducing risk by committing to a long-
term contract.

- In some cases, external factors may
dictate the need for a long-term con-
tract. For example, utilities depending
upon Canadian gas supplies for all or a
part of their needs found that:

- They had to have long-term contracts
(15-20 years) to satisfy the require-
ments of the Canadian National En-
ergy Board (NEB) when the Board
was considering capacity expansion
on the TransCanada PipelLine Sys-
tem. The NEB did not approve ca-
pacity expansion unless reserves
were identified for the duration of the
firm transportation contract.

- Provincial governments in Canada
sometimes require that contracts be
backed up with specifically identified
proved reserves.

- Canadian producers were willing to
commit reserves for long-term con-
tracts—in part because the reserves
tended to be long-lived reserves.

— An electric utility may place high value
on long-term relationships with particu-
lar suppliers that provide fuel meeting
particular needs of the utility’s generat-
ing units or provide flexibility in quan-
tity of fuel that must be taken.

— An electric utility may or may not place
high value on transaction costs. That is:

- A utility may prefer a long-term con-
tract to avoid the need to repeat the
bidding, proposal, contractor selec-
tion, contract negotiation process

- A utility may conclude that its cost of
paying the people needed to play
short-term and spot markets is more
than offset by the savings achieved in
obtaining fuel at costs below those
paid under mid- or long-term con-
tracts.

* State regulators and the Federal Energy
Regulatory Commission generally have a

strong interest in ensuring that regulated
utilities procure fuel at the lowest deliv-
ered cost. Many of them have seen long-
term contracts, particularly those with
fixed escalators, result in prices that rose
well above market levels. This has led
some regulators to prefer spot purchasing,
short-term contracts, and contracts that
are indexed to competing fuel prices.

Long-term contracts are becoming much
more flexible. Many modern “long-term” con-
tracts may have 15 or 20 year terms but have
pricing and renegotiation terms that make
them more flexible than older long-term fuel
supply contracts. Typical contract provisions
might include:

* Prices indexed to the purchasing organi-
zation's cost for other fuels.

* Right for either party to call for renegotia-
tion if prices under the contract deviate by
some agreed-upon amount from prevail-
ing markets, and, if renegotiation does not
result in agreement, the contract may be
terminated or submitted to binding arbi-
tration.

Such contract terms have the advantage of
maintaining long-term relationships while
recognizing that future market prices are
impossible to predict.

Indexed contract prices: Both the start-
ing price and the index are important. Those
who have experience with indexed prices in
fuel contracts recognize that both the starting
point and the index are important. A contract
with an indexed price may provide little protec-
tion to either the buyer or seller if:

* The index is used merely as a measure of
change rather than a way to tie contract
prices to market prices and

* The starting price is not tied to a current
market price.

Other important contract terms. A vari-
ety of other contract terms are also important to
the electric generation industry. These in-
clude:

¢ Ability to vary the amount of gas taken
during a particular period. This is impor-
tant because generating units, other than
base load, have highly variable periods of
operation. Also, base load plants may not
operate because of either scheduled or
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unscheduled maintenance and downtime.
Such variations are particularly trouble-
some if storage is not available near the
users’ facilities and/or “balancing ser-
vices" are not available to the user at
costs that keep the use of gas competitive
with other energy sources.

* Flexibility in terms of where gas may be
delivered to a pipeline—in order to tie to
gas transportation contracts.

* Right to sell gas to a third party if the gas
is not needed and the purchaser is com-
mitted to demand charges.

* Avoiding “reservation” fees.

Impact of FERC Order 636. Some in the
gas producing and transporting industry ap-
pear to have a strong preference for long-term
gas contracts. Order 636, however, if it is im-
plemented in a way that achieves the FERC's
stated policy objectives, should result in a more
competitive gas transportation market. Electric
generators may be less interested in long-term
contract commitments if they are convinced
that there will be a competitive gas transporta-
tion market.

Subsidies for Other Fuels

The federal government and some state
governments have adopted measures that sub-
sidize energy sources that compete with natu-
ral gas and thus tend to hold down demand.
These include:

* Tax reductions for electric utilities using
indigenous coal supplies (e.g., a $3 per
ton tax credit in Virginia)

* Statutes, regulatory requirements and po-
litical pressure encouraging electric utili-
ties to install scrubbers so that they can
continue to use indigenous coal—rather
than switching to natural gas or to a low-
sulfur coal imported from another state

* Sale of power from federally constructed
hydroelectric facilities atless than full cost

* Federal and/or state subsidies for electric-
ity via tax exemptions, loan guarantees,
loans at below market interest rates, fi-
nancing via the federal financing bank,

- and/or favorable repayment terms—which
are available to Federal Power Marketing
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Agencies, rural electric cooperatives,
and/or public power groups

* Subsidies provided by at least one Fed-
eral Power Marketing Agency to persons
who construct energy efficient, electrically
heated homes—which gives this organiza-
tion's electricity sales a competitive ad-
vantage over gas and has the potential for
increasing peak electricity demand

* Federal research and development fund-
ing for coal and nuclear energy projects

* Federal subsidies for cleaning up uranium
wastes (mill tailings) and other nuclear en-
ergy wastes associated with commercial
nuclear power projects.

Renewable Set-Asides

At least two states, California and Wis-
consin, have adopted requirements that elec-
tric utilities obtain some portion of their incre-
mental energy requirements from renewable
energy sources. Such requirements tend to
reduce potential demand for natural gas,
which would otherwise have a good chance of
competing because of the advantages cited
earlier.

RECOMMENDATIONS FOR DEAL-
ING WITH CHALLENGES THAT
MUST BE FACED AS THE ROLE OF
GAS IN ELECTRIC GENERATION
INCREASES

Previous sections of this chapter identify
opportunities for increased use of natural gas
in electric generation, indicate that aggressive
action will be needed by organizations in the
gas industry to capture market opportunities,
and describe challenges that must be over-
come in order to take advantage of the oppor-
tunities.

The NPC has identified many challenges
to increased use of gas in electric generation,
but it has concluded that actions already under-
way and others being recommended will be
successful in assuring that gas will play a
steadily growing role in supplying energy to
generate electricity. In surnmary, the important
challenges identified include:

* Competition from other energy sources



Strong need to understand factors affect-
ing electric generators’ fuel needs and
fuel choices—which vary widely among
sites, applications, technologies, compa-
nies, distances from pipelines, regions,
and constraints resulting from current and
future environmental protection require-
ments

* Need to understand the differences be-
tween independent power producers and
traditional electric utilities

* Strong need to understand and respond to
electric generators' concerns, percep-
tions, and expectations, including the
need to understand disadvantages of us-
ing gas—as perceived by potential cus-
tomers—as well as the advantages are al-
ready understood

* Need to satisfy potential customers that
the delivered cost of natural gas, including
the cost of gas transportation, will con-
tinue to be competitive with other energy
sources and with potential demand-side
measures

* Need to satisfy potential customers that
supplies will be available when needed
and that the delivered prices of gas will
not become excessive compared to other
energy sources after a capital investment
has been made in a gas-fired generating
facility.24

This section lists and describes the rec-
ommendations for dealing with these chal-
lenges. Many of the recommendations are self-
evident and many flow from the findings of the
focus groups and the task groups that organiza-
tions in the gas industry must become more
customer oriented. This includes the need to:

* Learn more about electric generators’
needs, perceptions, and expectations

* Improve customer service—to include an
attitude that “if you may be interested in
using gas, we'll help you find ways of us-
ing gas at lowest reasonable cost.’

24 Concern about future delivered prices becom-
ing excessive compared to other energy sources should
not be a problem if the generator has a secure long-term
contract that provides gas at a delivered price at the gen-
erator's facility that remains competitive with other en-
ergy sources for the life of the contract.

The recommendations listed below are in
five categories:

* Those most appropriate for individual or-
ganizations in the gas industry—produc-
ers, marketers, pipelines, LDCs, etc.—rec-
ognizing that these organizations will be in
competition for available markets

* Those appropriate for industry-wide ac-
tion, including some in support of individ-
ual company actions

* Those that require interaction and cooper-
ation with the electric generation industry
(in many cases, these may be the most
difficult because of competition between
gas and electricity, between individual
electric companies and LDCs at the local
level)

* Those that require action or participation
by government agencies, particularly in-
cluding regulators (rate, environmental,
siting) at the state government level

* Those requiring action by the electric
generation industry.

Recommendations for Actions by
Companies in the Gas Industry

In the increasingly competitive environ-
ment of the gas industry, many of the actions
needed are appropriate on an individual com-
pany basis. A discussion of such actions is
shown below.

Deepening Employee Understanding
of the Electric Generation Industry

Individuals engaged in planning, market-
ing, and transporting for companies in the gas
industry need an understanding of electric
generating companies at least as comprehen-
sive as their competitors. Thus, companies in
the gas industry should develop ways of ex-
posing their planning and marketing staffs to:

* Factors affecting fuel choice decisions in
the electric generation industry, with par-
ticular attention to site-specific factors and
wide variation among potential applica-
tions, companies, technologies, and re-
gions

* Developments affecting the electric gen-
eration industry, with particular attention
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to Integrated Resource Planning (IRP) and
the demand-side measures resulting from
IRP that may be less costly for electric
customers than supply-side measures

* Planning and decision-making processes
inthe electric generation industry

* The workings of power pools and princi-
ples of economic dispatch

* Electric generators' concerns and percep-
tions about the use of natural gas in elec-
tric generation, including all those de-
scribed in this chapter

* Successful marketing approaches used by
competitors when dealing with electric
generators, including independent power
producers and traditional electric utilities.

Improving Responsiveness to
Customers

The matter of responsiveness to customer
needs, perceptions, and expectations has been
revealed by Focus Group and Task Group ac-
tivities as a major obstacle to increased gas
use. This matter must, in the final analysis, be
addressed primarily at the individual company
level.

Improving Competitiveness of Gas
With Other Energy Sources

As indicated earlier, it is expected that
conservation will reduce the rate of growth in
demand for electricity and that gas, despite its
advantages, will face rigorous competition from
other energy sources for electric generating
markets. Individual companies will need to
take a variety of actions to keep gas more at-
tractive than alternatives, including:

* Finding new ways to keep gas price com-
petitive on a delivered cost basis (ie., in-
cluding both wellhead price and trans-
portation cost), through action at all stages
from exploration, through production, pro-
cessing, transportation, and contracting to
point of use.

* Identifying terms and conditions of sales
and transportation arrangements that have
value to particular customers in the elec-
tric generation industry (e.g., pricing,
length of contract, variability of takes, flex-
ibility of receipt and delivery points, inte-
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grated storage, and ability to reassign firm
transportation capacity and resell gas sup-
plies when generating units are not run-
ning), and develop proposals to meet
such needs.

Addressing Electric Generators’ Con-
cerns, Perceptions, and Needs

Price expectations. As indicated earlier,
price expectations play an important role in in-
vestment decisions involving choices among
energy sources. A decision maker's price ex-
pectations are likely to be formed on the basis
of formal and informal information from a vari-
ety of government and private sources, includ-
ing statements by energy industry representa-
tives about future supplies and prices.
Executives in the gas industry should recog-
nize that their public statements about future
supply, demand, and price conditions—regard-
less of the intended audience—may play a part
in decisions made by potential gas users.

Gas industry officials should:

* Present balanced and realistic assess-
ments of the future outlook for natural gas
supply and prices. Recognize that
alarmist statements about the state of the
domestic producing industry and its abil-
ity to meet increased gas at competitive
prices demand undermine potential cus-
tomers’ confidence in using gas.

* Be prepared to demonstrate that gas
prices are and will likely be, in the long
run, competitive with other energy
sources and conservation, after taking into
account differences in capital and operat-
ing costs.

Delivered price of fuel. Producers and
transporters need to recognize that it is the de-
livered price of gas—including both wellhead
and transportation—that affects investment de-
cisions and customers’ bills and is the focus of
electric utilities and their regulators when eval-
uating prudence of fuel procurement.

Adequacy of future gas supplies. Poten-
tial gas users in the electric generation industry
are concerned about the adequacy of future
gas supplies and the stability of gas prices.

The gas industry needs to recognize that
continuation of these concerns are in the inter-
est of competitors. The industry needs to work



to convince electric generators and regulators
that future gas supplies will be adequate. Ac-
tions should include:

* Actively publicizing information about:

-~ New estimates of North American gas
resource base, including information
developed as a part of the NPC natural
gas study

- Improved ability to find and produce
gas at lower cost than in the past (in-
cluding new technology)

- Recent finding and replacement cost
experience

-~ Changed requirements with respect to
reserve-to-production ratios.

* Encouraging the Departments of Energy
and the Interior to publicize recent infor-
mation about resources, reserves, and re-
placement costs.

Industry officials need to be prepared to
identify assumptions made in developing
resource base, reserve and production
cost estimates, and to respond to tough
questions about the validity and reliability
of those estimates and about supply/price
trade-off estimates.

In addition, gas industry officials may want

to encourage others to discontinue unwar-
ranted actions that work to undermine con-
fidence in future supplies and competitive-
ness of future prices, e.g., projections of
supply shortages, and prorationing propos-
als that are not essential to protect correla-
tive rights and for resource conservation.

Potential for short-term supply interrup-
tions. As indicated earlier, some electric gen-
erators remain concerned about the potential
for short-term interruptions of firm transporta-
tion and gas supplies in sustained periods of
cold weather or unplanned pipeline and com-
pressor outages, or well freeze-ups.

In various regions, pipeline companies
serving the region should, in cooperatiori with
appropriate producers, LDCs, and large end
users of gas:

* Inform electric generators of the actions
that have been taken since December of
1989 to enhance storage and guard
against well freeze-ups.

* Undertake contingency planning, includ-
ing analysis of potential pipeline and sup-
ply disruptions under various emergency
conditions.

* Work with others in the region to establish
continuing organizational arrangements to
promote reliability planning and coordination.

Ability to provide volumes, pressures and
variability. As indicated in earlier, electric
generators in some regions are concerned
about the ability of pipelines and LDCs to pro-
vide gas in the volumes, pressures and vari-
ability required for gas turbine peaking units
and combined-cycle units. This matter must
be addressed on a cooperative basis among

. elements of the gas and electric generating in-

dustries. However, individual companies
should:

* Review the report on gas and electric util-
ity integration recently issued by EPRI
(and the draft report prepared by the
electric and gas companies in New York)
and

* Join in establishing regional groups that
could:

— Assemble information on an area or re-
gional basis on existing and planned
use of gas for electric generation and
on capability of existing and planned
pipeline capacity to serve incremental
electric generation markets and

— Assist in determining whether prob-
lems described in the EPRI report now
exist or are likely to exist as gas use is
increased, particularly in areas without
significant experience in gas use in
electric generation.

Importance of gas transportation costs.
As indicated earlier, some potential electric
generator users of natural gas are concerned
about gas transportation costs—which costs
may be the deciding factor in fuel choice deci-
sions. Concerns are due to the impact of trans-
portation costs in some regions and the poten-
tial for increases after capital investment
commitments are made—particularly in non-
competitive markets.25 Pipeline companies

25 Competitive transportation markets are helping
to hold down transportation costs through cost control
measures for firm transportation and discounts for inter-
ruptible transportation.
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and LDCs will need to develop ways to hold
down transportation costs and provide assur-
ances that costs will be competitive after capital
investments are made in generating facilities.

Restructuring proceedings. Transporta-
tion costs are particularly important because of
the issues and uncertainties associated with
FERC Order 636 restructuring proceedings.
These include various cost allocation issues
(including transition costs), allocation of stor-
age, penalties for variation in gas volumes, lim-
itations on receipt and delivery points, ability to
reassign firm transportation capacity and resell
gas supplies when generating units are not
running, and uncertainties as to how state regu-
latory commissions will handle their expanding
responsibilities.

Pipeline companies and LDCs need to
be aware of the importance of the above is-
sues as they prepare and defend restructuring
proposals.

Complexity of buying and transporting
gas. Companies in the gas industry need to
recognize that gas has a competitive disadvan-
tage because of the difficulty of buying, trans-
porting, and storing it. More services will be
needed to reduce that customer burden or ways
found to shift it to entities in the gas industry.

Recommendations for Industry-
Wide Action

As indicated above, many of the findings
by the NPC during this study focused on the
needs for a better understanding of, and re-
sponsiveness to, existing and potential cus-
tomers by organizations in the gas industry.
Some of the actions can be taken on an industry-
wide basis. A discussion of potential actions is
included below.

Gas and Electric Industry
Cooperation

Leaders in the gas industry look upon the
recent EPRI report on gas and electric industry
integration as an opportunity to expand their
dialogue with the electric generation industry
on the full range of electric generators' con-
cerns about increased reliance on natural gas.
Dialogue should include coverage of the issues
covered by the EPRI report and open the way
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for detailed discussion of integration at the
level of actual transactions.

Regional Reliability Groups

The gas industry should consider promot-
ing or encouraging the establishment of re-
gional groups to address reliability issues iden-
tified in this study as well as those identified by
the Energy Council, the FERC/DOE Deliverabil-
ity Task Force, and others.

Training Programs for Gas Industry
Planners and Marketers

Gas industry associations should consider
establishing training programs to help provide
comparny planners and marketers with basic in-
formation and understanding of the electric
generation industry; i.e.:

* Factors affecting fuel choice decisions in
the electric generation industry, with par-
ticular attention to site-specific factors

* Developments affecting the electric gen-
eration industry, with particular attention
to Integrated Resource Planning

* Planning and decision-making processes
in the electric generation industry

* The workings of power pools and princi-
ples of economic dispatch

* Electric generators’ concerns and percep-
tions about the use of natural gas in elec-
tric generation

* Successful marketing approaches used by
competitors when dealing with electric
generators.

Evaluation of Forecasts and
Projections

Planners and marketers in the gas indus-
try are faced with a variety of forecasts and
projections of potential demand for gas in the
electric generation industry. The forecasts are
often based on widely differing assumptions
and degrees of understanding of the electric
generation industry. The Gas Research Insti-
tute (CRI) has already done considerable work
for the gas industry to provide reliable fore-
casts but more could be done to assess spe-
cific projections (such as those compiled by



the North American Electric Reliability Council,
DCE, and Utility Data Institute), and to identify
aspects that should be understood better by
gas industry planners and marketers who are
attempting to use them in their activities.

Inter-Industry Cooperation
and Coordination—Gas and
Electric Generation Industries

The NPC believes that there is much to
gain by closer cooperation between the gas
and electric industries as well as among the
participants in the gas industry. Those gains
include increased competitiveness for gas with
other energy sources and lower costs for both
gas and electric customers. To achieve the
needed cooperation, executives in both indus-
tries will need to look for and promote oppor-
tunities where gas use can be beneficial to
companies in both industries and their cus-
tomers.

Promotion of Communication Among
Officials of the Gas and Electric Gen-
eration Industries

Work on the NPC Natural Gas Study has
revealed that there is a need for people in the
gas and electric generation industries to im-
prove communication and understanding of
each others’ concerns and points of view.
Work is underway in each industry to deal with
this obstacle,26 but more could be done. Lead-
ers in both industries should work to arrange
opportunities for additional communication at
all approprnate levels, including senior and mid-
level executives and their staffs with responsi-
bilities:

* For planning and power supply in electric
generating companies and in power
pools, and for generation planning and
fuel procurement in electric utilities and

-* In the gas industry for planning and mar-
keting in producer, marketer, pipeline,
and LDC organizations and for pipeline
operations in pipeline companies. -

This NPC report and the recent report by
EPRI on the challenges of integrating the gas

26 For example, efforts listed in Footnote 34.

and electric industries provide a wealth of in-
formation that could be used to focus inter-
industry communications.

Concerns About Adequacy of
Volumes, Pressures, and Variabil-
ity in Delivering Gas for Electric
Generation

These concerns also need to be ad-
dressed on a cooperative basis among organi-
zations in the gas and electric generation in-
dustries. In areas without substantial
experience with gas use in electric generation
that are prospects for increased use, pipelines,
LDCs, electric generators and other large vol-
ume end users, and representatives of power
pools should:

* Review the report on gas and electric util-
ity integration recently issued by EPRI
(and the draft report prepared by the
electric and gas companies in New York),
and join in establishing regional groups
that could:

— Assemble information on an area or re-
gional basis on existing and planned
use of gas for electric generation and

— Prepare a checklist and assist in deter-
mining whether problems areas de-
scribed in that report now exist or are
likely to exist as gas use is increased,
particularly in areas without significant
experience in gas use in electric gen-
eration.

* Where there are potential problems, lead-
ers of the gas and electric utility industries
should encourage creation of coordinating
groups (including Power Pool planners) to
find solutions.

Recommendations Requiring
Action or Participation by Gov-
ernment Agencies

While many of the challenges that must be
addressed can be handled most effectively by
organizations in the private sector, some will
require action or participation by federal, state,
or local government agencies. Actions needed
include the following.:
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Optimizing the Use of Natural Gas
and Back—up Fuels

When electric generating units have the
capability to use an alternative or back-up fuel,
it should be possible to work out arrange-
ments, if pipeline capacity utilization rates are
normally high, for sharing pipeline capacity
and gas supplies between electric generators
and LDCs that would minimize costs for both
electric and gas customers and reduce adverse
environmental impacts.

The NPC recommends that organizations
in the gas industry and/or public utility com-
missions take the lead in working out sharing
arrangements that would increase and help
levelize pipeline throughput. For example, an
electric generator might be assured access to
pipeline capacity and gas supplies on days
when demand for gas is low, and the LDC
would have access on cold days when gas de-
mand is high and the electric generator would
burn its alternative or back-up fuel (often oil).
This increased use of natural gas could result in
additional cost savings for both gas and elec-
tric customers. In addition to realizing savings
from maximizing pipeline throughput, emis-
sions in electric utilities could be minimized by
increasing the use of gas.

Working out such arrangements would re-
quire the support of LDCs, pipelines, electric
generators, power pools, public utility comrmis-
sions, environmental regulators, and environ-
mental, energy conservation, and consurmner
advocate organizations.

Limitations on Use of Back-Up Fuels

Optimized arrangements such as those
outlined above are effectively prevented when
electric generators are restricted in the use of
back-up fuels, e.g., to a certain number of
days per year or only when gas is unavailable.
Public utility commissions, environmental reg-
ulators, and siting boards should review re-
strictions on back-up fuels to determine
whether they are truly cost effective—consid-
ering customer costs, reliability, and environ-
mental impact.

Transportation Costs

FERC and state regulatory commissions
should recognize concerns of potential gas
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users about transportation costs—both the ab-
solute amounts and the potential for increases
after investment decisions are made—and the
impact of transportation cost on electric gener-
ators’ fuel choice decisions, particularly as
such costs and risks are affected by:

* FERC Order 636 restructuring proceedings
* Rolled-in vs. incremental rates

* Costs of capacity expansions exceeding
pipelines’ estimates

* Straight fixed variable rate design, which
tends to increase the front-end commit-
ment that an electric generator must make
for firm transportation capacity

* Changes in regulations or rate design or
other actions that have the effect of abro-
gating contracts between gas users and
transporters or otherwise increasing
transportation costs

. ® State implementation of FERC Order 636

* Concerns that electric generators, as
large volume users, will be called upon to
cross-subsidize core customers.

Subsidies for Competing Fuels

The Department of Energy should evalu-
ate subsidies being provided to competitors of
natural gas and determine whether such subsi-
dies should be eliminated.

Data on Planned Changes in Electric
Generating Capacity

The Energy Information Administration
should consider increasing the data it collects
and publishes on planned changes in electric
generating capacity?? to include (in addition to
planned new units) addition of capability to use
an additional fuel, repowering, life extension,
and availability improvements. Planned actions
such as these may prove to be as important as
planned new generation. Data should include
a description of the capability and fuel use for
units before changes and the expected capa-
bility and fuel use after changes are made.

27 In the annual inventory of power plants.



Improving Electric Generation
Industry Understanding of the
Potential for Using Gas

As most gas use in electric generation has
occurred in six states, many of the opportuni-
ties for increased use will be with electric gen-
erators that have not previously had experience
‘with gas use. EPRI and the EEI have under-
taken and are continuing some activities to in-
crease understanding of the potential for natu-
ral gas, but additional actions to familiarize
individuals in the industry with natural gas
should be undertaken.

REGIONAL ANALYSES OF POTEN-
TIAL NATURAL GAS USE FOR
ELECTRIC GENERATION

The Demand and Distribution Task Group
organized regional teams to analyze the poten-
tial for and obstacles to increased use of natural
gas in each of the ten federal regions of the
United States, and to prepare reports on their
findings. The full reports of the regional teams
have been published separately from the over-
all report.

Each region team provided information on
current and potential gas use for electric gen-
eration. The leader of each team has provided
the following summaries of findings with re-
spect to electric generation.

Region One: Massachusetts, Con-
necticut, Rhode Island, Maine,
New Hampshire, and Vermont

According to the Energy Information Ad-
ministration’s “State Energy Data Report Con-
sumption estimates 1960-1990," Region One,
with 5.2 percent of the U.S. population, pro-
duced only 3.8 percent of the nation's electric-
ity in 1990. Natural gas accounted for only 6.6
percent of New England's energy input at elec-
tric utilities, while oil and coal accounted for
21.5 percent and 15.8 percent, respectively.

Overall natural gas consumption in Region
One has been growing at a rate of approxi-
mately 3.5 percent per year over the past
decade, with the majority of this growth in the
electric generation sector. Consumption by
electric utilities increased at an average annual
rate of 25.8 percent from 1980-1990.

Although natural gas sales in New Eng-
land have been growing over the past decade
in contrast to declining sales in the overall US.
over this period, New England still lags far be-
hind the rest of the United States in terms of
market penetration for natural gas. Natural gas
provided 14.7 percent of total primary energy
in New England in 1990 compared to 24.1 per-
cent for the U.S. (excluding New England).

Both the traditional markets and the power
generation market for natural gas are projected
to continue to grow in New England during the
next decade at a pace greater than the nation
as a whole because of several factors including:
the low starting point for the region’s gas mar-
ket, the region’s more stringent environmental
legislation and regulation that favors natural
gas, and competitive prices. Gas consumption
in the electric generation sector has been fore-
cast to reach between 180 and 310 trillion BTU
(TBTU) in the year 2000, as compared with
1990 consumption of 69.5 TBTU. Therefore,
there is significant potential for growth in this
market over the next decade.

The growth in natural gas consumption
that has taken place in New England to date
has largely resulted from the availability of in-
creased gas supply and pipeline capacity addi-
tions that have occurred over the past 10 years.
The region's LDCs were successful in develop-
ing “self-help” type natural gas supplies during
the 1980s with Boundary Gas, Alberta North-
east Gas, and the conversion of the Portland
Pipeline to natural gas.

Region Two: New York and
New Jersey

In the electric utility generation sector,
natural gas gained relatively little market share
in Region Two over the two decades of the
1970s and 1980s. Gas consumption for electric
generation declined markedly in the mid-1970s
and then regained its original market share
during the 1980s. Petroleum lost significant
market share, however, with a decline from 41
percent to 26 percent, and nuclear power
gained 20 percent of the share of electric gen-
eration fuel consumption.

The rest of the United States showed
substantial declines in the relative consump-
tion of natural gas within the electric genera-
tion sector. The national market share of nat-
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ural gas in this sector dropped from 26.4 per-
cent in 1970 to 9.6 percent in 1989. Region
Two has a high dependence upon oil for gen-
eration, 26 percent of market share in 1989
compared with 4 percent in rest of the United
States. The rest of the United States is more
heavily dependent upon coal for electric gen-
eration. In 1989, coal comprised 57 percent
of the U.S. fuel consumption for electric gen-
eration: in Region Two coal accounted for
only 19 percent of fuel consumption in the
electric generation market. Even though Re-
gion Two still relied on oil to supply 26 per-
cent of its fuel for electric generation in 1989,
it has significantly reduced this dependence
in the past two decades and has increased
the use of natural gas in this sector. In the
rest of the United States, however, the market
share of coal for the electric generation in-
creased from 46 percent to 57 percent from
1970 to 1989 while relative natural gas con-
sumption declined.

Due to competitive forces and growing
environmental concerns, natural gas has be-
come an increasingly attractive fuel source op-
tion in recent years. Many electric utilities in
Region Two have converted some of their oil-
fired generating units to natural gas or dual fuel
capability, are building new gas-fired generat-
ing facilities, or are considering doing so. In
addition, the majority of new non-utility gener-
ating units (NUGs) in the region are gas-fired.
The most common problems and worries of
these electric utilities and NUGs are related to
natural gas availability, price fly-up, operational
mismatches between electric plants and the
current gas infrastructure, and regulatory un-
certainty.

New York and New Jersey Gas Utilities
forecast the consumption of natural gas for
electric power generation to more than double
from the 1990 level of 288 TBTU to 735 TBTU by
1995 as natural gas fired NUGs come on-line.
The electric generation level is projected de-
crease to 683 TBTU by 2010 as older utility-
owned units are retired and replaced by more
efficient gas units. The net effect of this process
is uncertain. If all currently planned units come
on-line as projected, by 1995 the reserve mar-
gins of the electric utilities in Region Two will
be very high. To compensate for the reduced

116

level of need and excess capacity in the mid-
1990s, these electric utilities will build fewer
new units than they retire in the following fifteen
years. However, if electric demand side man-
agement (DSM) programs are not as effective
as anticipated, natural gas consumption may
continue to increase beyond 1995 levels.

Supply shortages and curtailments in the
1970s damaged the confidence of consumers
in natural gas as a long-term energy source.
Because of price uncertainty, conversions to
dual fired units by some New York utilities were
made on a required pay-back period of less
than three years. Lack of coordinated supply
and demand planning by pipelines and local
distribution companies (LDCs) is also of con-
cern to the electric generation market.

Finally, the remaining major regional un-
certainty is the regulatory climate over the next
few years. The adoption of the Straight Fixed
Variable (SFV) method of rate design in FERC
Order 636 may have a negative effect on the
growth of natural gas consumption by Region
Two electric utilities. Since SFV allocates the
majority of transportation costs to the fixed de-
mand charge, LDCs in Region Two, and conse-
quently their firm customers, are concerned
that they will incur higher gas service costs, es-
pecially if the interruptible market demand is
inadequate to provide the necessary cost off-
sets. Further, since the interruptible market is
very sensitive to price, it may also be lost to al-
ternate fuel competition. All of these factors are
likely to encourage Region Two gas utilities and
combination gas and electric companies to uti-
lize market area storage options over long-haul
firm transportation because the price margins
between gas and residual fuel may be too un-
certain for making twenty-year firm transporta-
tion commitments. Under Order 636, Region
Two LDCs will have increased exposure to
fixed payments, and may be forced to pass on
such a rate structure to electric generators to
insure recovery of their costs. The price risk
perceived by electric utilities between oil and
gas, and the fact that the alternate fuel for gas-
fired NUGs is distillate oil, creates a natural bias
in Region Two toward the NUG generation mar-
ket and away from central station generation.
This is especially true in Region Two where
transportation costs are high relative to other
parts of the country.



Despite impediments, state and local envi-
ronmental policies and development goals pro-
vide significant incentives to electric utilities to
expand the use of gas for generating electricity
over the next two decades.

Region Three: Delaware, Pennsyl-
vania, Maryland, Virginia, West
Virginia, and Washington, D.C.

Natural gas is used to generate approxi-
mately 2.7 percent of the electric energy pro-
duced in Region Three.

Natural gas deliveries to the electric gen-
eration market in Region Three have increased
dramatically during the past five years and this
growth is expected to continue over the next
ten years.

In Region Three, electric utilities need
modest additions to their generating capacity
to meet load growth and to offset generating
capacity reductions from power plant retire-
ments and deratings. Approximately 100 exist-
ing boilers at power plants throughout Region
Three are candidates for gas co-firing or gas
seasonal firing. Table 5-7 presents a state-by-
state summary of the new power plants and
conversions of existing power plants to natural
gas that are forecasted for the ten-year period
1992-2001.

Region Four: Alabama, Florida,
Georgia, Kentucky, Mississippi,
North Carolina, South Carolina,

and Tennessee

The region currently produces 22.5 per-
cent of the nation’s electricity. Natural gas ac-
counts for about 10 percent of the region’s
power generation by electric utilities, virtually
all in Florida and Mississippi. '

After declining considerably in the early
seventies, gas use stabilized and began to
grow again in the mid eighties.

The 1990 EIA inventory of power plants
identified gas fired power plant additions, ex-
cluding Florida, equal to 65 percent of the 1990
year ending base (though much of this is for
peaking use and will have a relatively low im-
pact on gas demand).

In Florida, in which power generation ac-
counts for 60 percent of gas consumption, the
limitation on power generation gas use has
been pipeline capacity. Florida Gas Transmis-
sion added 100 million standard cubic feet
per day (MMSCF/D) capacity in 1992 and an-
other 530 MMSCEF/D is slated for 1994. About
80 percent of the 1994 expansion is con-
tracted for by power generators. A load factor
of about 75 percent is anticipated. ANR,
United, and Florida Power Corp. have all been
working on proposals for a new pipeline in the

* Planned Cogeneration Facility.

TABLE 5-7

REGION THREE
NEW NATURAL GAS FIRED POWER PLANTS
AND EXISTING POWER PLANT CONVERSIONS TO NATURAL GAS
DURING THE 1992-2001 PERIOD

Existing Power Plant
New Gas Fired Power Conversions to Natural Gas

State Plants (Megawatts) (Megawatts)
Delaware 160 mw None Planned
Washington, D.C. 0Omw 50 mw*

Maryland 500 mw 500 mw
Pennsylvania 3,300 mw 1,500 mw

Virginia 2,400 mw 0 mw

West Virginia No Information No Information
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state potentially yielding another 300 to 800
MMSCF/D over the next decade—mostly for
power generation.

Region Five: Illinois, Indiana,
Michigan, Minnesota, Ohio, and
Wisconsin

The region depends on coal to generate
electricity. Demand for coal dwarfs that for ei-
ther natural gas or oil and this dominance is ex-
pected to continue through the turn of the cen-
tury. Coal is favored over other fuels due to its
relatively low cost. However, by 2010, natural
gas and oil will account for 12 percent of elec-
tric utilities’ fossil fuel demands.

Environmental concerns will have an ef-
fect on the use of high sulfur coal in the region’s
coal-fired power plants. Currently a new tech-
nique of blending natural gas with coal is being
tried, but the technique is still expensive.

Region Five is expected to add generating
capacity after the year 2000. The first need will
be peaking capacity. Combustion turbine
plants will be built to fill the peak load void
since the fixed costs are lower than combined
cycle plants.

Intermediate load will also be needed
around 2001 or 2002. Combined-cycle gas
plants are expected to win due to their lower
fixed costs compared to competitive fuels.

Region Five is not expected to need addi-
tional baseload capacity until after 20085.

Region Six: Arkansas, Louisiana,
New Mexico, Oklahoma, and Texas

The states of Oklahoma and Texas ac-
count for 85 percent of overall gas consurmnption
in the region.

In 1991, gas delivered to consumers in the
region totaled 5.4 TCE (This does not include
lease, plant, and pipeline fuel). Of this amount,
1.6 TCF (29 percent) was by electric utilities.
Texas electric utilities consurmed over 1.0 TCE.

Coal is the principal fuel used for power
generation, accounting for almost half the elec-
tricity generated in the region. Nuclear plants
account for about 15 percent. In 1993, a new
nuclear plant, Comanche Peak Unit 2, will
come onstream. But, over the next decade, gas
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should compete favorably with coal and nu-
clear for capacity additions and repowering.

Overall, gas usage for utility power gener-
ation is expected to grow 1 percent annually
through 2000.

RegionSeven: Iowa, Kansas,
Missouri, and Nebraska

The electric generation market for gas
consists of electric utility-owned generating
units and independent power producers. This
market segment has the greatest potential for
growth during the next two decades. Coal ac-
counts for approximately 75 percent of the fuel
used for power generation in the region. Ob-
stacles to increased gas use include: (1) lack
of adequate transportation capacity in some re-
gions; (2) regulatory risk associated with the
use of interstate pipelines; and (3) continuing
concern over long-term supply availability.

Given current fuel price relationships and
environmental factors, natural gas-fired capac-
ity can be expected to dominate new invest-
ment. North American Electric Reliability
Council (NERC) surveys of expected capacity
additions in the West North Central census re-
gion reveal that the share of gas-fired capacity
will increase from 8 percent in 1991 to poten-
tially 15 percent by 2000. Further, because of
the time required to build new coal-fired facili-
ties, it is unlikely that significant additions could
occur before the turn of the century, even if
economics favored coal. As a result, gas would
benefit from faster-than-expected load growth.

As a result of the rapid additions to gas-
fired capacity, the region’s average annual
growth rate in